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PREFACE. V^CAurc-..- 

The following work contains a reprint of some of 
the more important articles on the subject of 
"Bearing Piles,'* which have appeared from time to 
time in Engineering News, including especially there 
in which what has since become known as the *'En- 
gineering News Formula'* for the safe load of piles 
was announced, explained and defended. It also 
includes a reprint of a valuable pamphlet on 
"Bearing Piles,*' by Rudolph Hering, M. Am. Soc. 
C E., which was published some years ago by 
the' Engineering Ne\^ (^i^iishing Co., but long 
since went out of print; and a full abstract of a 
paper by Mr. Foster Crowell before the American 
Society of Civil Engineers on "Uniform Practice in 
Pile Driving" with the discussions thereon. 

It is believed that this little volume contains 
about all that can be required in any case for solv- 
ing the most serious problem connected with pile- 
driving, what load can be placed on given piles 
with safety; but if it be desired to find fuller in- 
formation as to specific records, the back files of 
Engineering News, of the Transactions of the 
American Society of Civil Engineers and of the 
Proceedings, of the Institution of Civil Engineers 
should be consulted, as they all contain further in- 
formation of value; though the more important in- 
formation to be had from all these sources is given 
in substance in this volume. 
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THE 

SAFE LOAD FOR BEARTNG PILES. 



CODE OF RULES FOR SAFE LOAD OF 

PILES. 

(The following article, reprinted from Engineer- 
ing News of Nov. 17, 1892, was intended to give 
a codified summary of the net results of all the 
information which follows, so as to make it a 
trustworthy set of rules for good practice In pile 
driving, and It Is Ijelleved to do so.) 



In our Issue of Dec. 29, 1888,* we published an 
article on the subject of ** Formulas for the Safe 
Load of Bearing Piles," in which a simple for- 
mula for the safe load of piles was proposed 
which has since met with wide and increasing ac- 
ceptimce; so that we might fairly say, perhaps, 
that it is now one of the most generally ap- 
proved for practical use, if not the most approved 
among those who know of it. We claimed for it 
then that it would be found more trustworthy 
tlian any one of 16 different formulas which were 
given in it, quoted from Mr. Hering's admirable 
monogram on *'Bearing Piles."* The experi- 
ence and opinions of others have since con- 
fli-med our belief that this claim was well found- 
(h1, and especially a recent paper by Mr. J. Vos- 

* Kepahlislied later in t|ii9 volume. 
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ter Crowell* before the American Society of 
Civil Engineers and tlie valuable discussion 
which followed it.* 

We do not propose now to enter upon any de- 
tailed discussion of this discussion; it would oc- 
cupy too much space, and would oi^y be repeat- 
ing in other words what has been said with 
sufficient fulness, perhaps, in the discussions, 
themselves. It will be obvious to every one who 
reads the discussions, however, that they have 
added certain facts to our knowledge of pile-driv- 
ing, and suggested and collated still more facts 
or weVi founded opinions. What we now propose 
to do, therefore, is to combine and codify in the 
form of suggested '* Rules of Practice for Pile 
Driving " all those facts which seem to 'is to be 
sufficiently well determined to be incorporated in 
such a code, adding in a following article certain 
explanatoi*y notes and tabulations by way of 
comment. The following is our suggjested code of 

RULES OP PRACTICE FOR PILE-DRIVING 
AND SAFE LOAD OP PILES. 
A: METHODS OP DRIVING PILES. 

Six methods of driving piles ai-e in established 
use, which in order of frequency of use are as 
follows: 

1. By the ordinary pile driving, in which a 
hammer weighing 2,000 to 3,000 lbs. or more is 
dropped 20 to 30 ft. or more, falling free, with 
an Interval of several seconds (5 to 20) between 
blows. 



•Tbis paper and the following discussions, which 
contain a great deal of Interesting and valuable Informa- 
tion about plle-drlvlng. is republished in abstract 
later in this volume, but will be found In full In Trans. 
Am. Soc. C. B., Vol. XXVII, (l$92), p. 09-172 and p. 590. 
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2. The same as 1, with the hnportant excep- 
tions that (a) the hammer does not fan free, bat 
is retarded by the rope and revolving drmn, and 
(b) the blows succeed each other somewhat more 
quickly. (This method is an uncertain and often 
deliberately deceptive one, but properly used is 
legitimate as well as convenient.) 

3. By the water jet, in which a stream of water 
under pressure is ejected at or near to the point 
of a pile and rises thence along its sides, remov- 
ing most of the side and end resistance, so that 
the pile sinks rapidly by tts own weight, with or 
without some extra pressure added. This 
method is suitable only for sandy or other fine 
soil, but in such soils is often very effica.cipus 
when no other is possible. 

4. By direct pressure of an Inslstant weight. 
This method is applicable only to very wet soils 
(practically saturated with water) of a muddy or 
very fine sUty nature, but in such soils is often 
the only effective way of driving. 

5. By the Nasrayth or other like steam pile- 
driver, in which somewhat heavier hammers 
(usually 3,000 to 5,000 lbs.) falling through much 
shorter falls (usually about 3 ft.) strike very 
much quicker blows (usually more than 60 per 
luinute), but otherwise the same in principle ns 
Method 1. 

6. By gunpowder pile drivers, in which each 
blow is a double one, the first caused by the fall 
of the hammer after the last explosion, and the 
second (following close upon the first, so that 
there is no intermission in the movement of the 
pile, but still distinct), by the reaction of the ex- 
plosion which throws the hammer upward. 
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to. BEARING POWBE OF PILES imiVBX BV 
METHOD 1.— ORPINARY PiLE-DRIVING. 

7. The maximum or ultimate bearing power, 
which Is a CERTAINLY UNSAFE load, in the 
sense that experience shows that plle«3 will rarely 
bear this load (or any close approach to It), for 
and length of time without settling, Is given by 
tire formula; 

-- 12 wh . , . . 

]f = —**.-- in wnic \ 

s -hi 

.V£ =j the maximum or ultimate bearing power hy any 
unit of weight. 

w = the weight of hammer in the same unit. 

h = the fall of hammer in leet, as below deflitcd 
and limited. 

s ^ the set of pile under last Wow In inches, as below 
defined and llmit'ed, and 

1 =s a constant which is made necessary by the fact 
that there Is an extra Initial resistance in getting 
a pile under way, and is intended to give the near- 
est feasible equivalent for the effect of that extra 
resistance !n i»K)dlfylng the mean resistance to pt'U- 
etratipn. With individual piles it may or may not 
be a little more or less. 

8. The safe or woi-king load for piles, I. e., the 

load which It is CERTAINLY SAFE to place 

upon a pile under all conditions, except as below 

defined and limited, is shown by experience to be 

not over one-sixth of the above ultimate load, 

l. e.: 

o . , , 2 wh M 
Safe load = ^ = - 

in which the ssrmbols have the same values as in 
the prior fonnula, the application of both of them 
being subject to the following limiting conditions: 
'9. As to w: The effective weight of the ham- 
mer Is decreased about 1% by wind resistance, 
arid perhaps %/i by guide friction, even when 
the guides are truly vertical and In good order. 
When pile and guides are inclined the effective 
weight is decreased (1) to h cos. I (in which 1= 
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the angle of inclination from the Vertical) and (2) 
by the guide friction caused by the force w sin 1 
pressing the hammer against the guides. With 
vertical guides this force is theoretically zei-o. 

10, As to h: The full fall must only be counted 
(1) when there is no sensible bounce after the 
blow, and (2) when the head of the pile is in good 
condition. Bouncing in effect divides a single 
blow into two weaker ones, tttfe energy of the 
fii^t blow being diminished by an amount of fall 
equal to the height of the bounce, even if pile 
and hammer be assumed to be perfectly elastic. 
As neither Is perfectly elastic, at lea^ twice the 
height of the bounce should be deducted from h 
to determine its true value for use In the for- 
mula. 

11. Condition of the head: According to the 
best existing Information a broomed head will 
destroy f rotn half to three-quarters of the effect 
of a blow, even if the brooming be only a h'alf- 
ftich to an Inch deep. No formula can be safely 
applied if the last blows be given with the head 
In such condition; but the remedy Is to adze off 
or saw off the heads before giving the last blows, 
at least for a few sample piles, and If a very 
considerable difference Is observed, then for all of 
them. If it Is desired to determine and utilize 
their full bearing power. 

i2. As to s: The proper value can only be de- 
temilned by taking the mean of the sets for a 
number of blows, nor then unless: 
(a). The penetration has been at a reasonably 
uniform or uniformly decreasing rate, and 
(b). There is reasonable assurance that the^ 
peQetratioi^ woi|14 cojitinue uillforin If drtveij' 
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sevetal feet further (whldi may be known froift 
test piles driven to an extm depth or from gen- 
eral ioiowledge or eyidenoe as to the nature of 
the soil, as that it is all sand, gravel or alluvial 
deposit). Also — 

(c). The head must be in good condition as per 
par. 11; and also: 

(d). The penetration i»ust be at a reasonal^y 
quick as well a» uniform rate, not less than 
%-ln. for a 3,000.1b. hammer falUng 30ft. Any 
smaller peaetratioas under such a blow should 
X)e assumed to be dne to pmshing of thQ .poii^t 
and ne^ected, and any penetration of less than 
%-in. is to be looked on with grave suspicion, 
and disregarded unless it has been uniform for 
many blows. With soft wood piles any penetm- 
tlaos of less than 1 in. under sudi a blow Is likely 
to involve destructive strains within the pile, as 
per par. 14, 15, below, and hence should be dis* 
regarded in computing bearing power. 

13. As to interval of time between blows: 
There is nearly always an increase of resistance 
and decrease of set per blow as an effect of on 
interval of rest, permitting the earth to settle 
firmly around the pile. The increase of resist- 
ance from a few minutes* to a few hours* rest 
may vary from 50% to several hundred or even 
thousand per cent. This effect is usually most 
pronounced in the finer, soft and wet earths, and 
least pronounced in coarse gravel and sand. No 
values of s should therefore be accepted as trust- 
worthy without testing occasional piles for va- 
rious intervals of rest, and the mean penetration 
for the first few blows after such an interval of 
rest should be taken as the value of s. 
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14. As to piles acting as colunuM. Assiunini; 
a Wow of 3,000x20=^^60,000 ft4bs., a pUe w'Mch 
penetrates through soft taatei'tal' to -a oompara* 
tlvely hard stratum is not, as^ a rule, safe as a 
column (with a factor of safety of 6^ for any 
heatief load than is giv^i by the safe load- for- 
mula of par. 8. That is to say for a set of 

Iti^. '2 ins. Shis. 4 his. 5 hur. 6 Ins. 
the sdfe load in pounds by par. 8- is 

00,'tilbo 4d',ooa ^,000 24,000. 20,000 i7,i40 

which Is about 1^> ^of the ultimate hrealcing load 
of a lOfin. iK>und <H>lUQMi of soft wood, of a height 
of 

8 ft. 14 ft. 18 ft. 21 ft. ^tt 20 ft 
In cases where the length of column without side 
support* is greater than this er the safe load by 
pat. ^ is less, the safe load by the latter formula 
will exceed the safe' load on the pile as a coiuitm. 

1& Crus9iing strength. No pile can be reUed 
on to bear without crushing over 500 to l/MM 
IbSi per sq. in., uHless of superior hard wood tim- 
ber; or 50,000 to 100,000 lbs. hi aU, assuming the 
average section of pile to be 100 sq. ins. This 
is the safe load by par. 8 for a pile settling 1.4 to 
0.2'ins. under a 20 ft. blow from a 3,000-lb. ham- 
mer. Therefore, penetrations of soft wood piles 
of less than lYj ins. under such a blow (or pro- 
portionately for weaker blows) are to be lool^ed 
on with some suspicion on this account, and pene- 
trations of less than ^ to ^ in. are to be disre- 
garded wholly in computing bearing power, and s 
taken as =0.5 to 0.25. 

10. Uplifting. Piles driven very close together 
in ceitain quicksandy or semi-fluid soils will some- 
times rise somewhat when other piles are subse- 
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quently driven near them. WMe the precaution 
of giving them a few extra settling blows is ex- 
pedient when time permits, they may be left as 
they are without much anxiety in most oases, as 
the phenomenon implies that the lower material 
is already solidly in contact with the pile, giving 
as great bearing power as the nature of the soil 
permits, after the soil has settled solidly about 
them. It is desirable to avoid this effect if pos- 
sible, however, which can generally be done by 
driving the piles butt end down. . 

17. Bearing piles should be spaced at least 3 ft* 
c. to c. each way if this gives a sufficient number 
to carry the load, and they are worse than 
wasted if driven less than 2 to 2\^ ft. c. to c. 

18. Variations of load for varying conditions. 
No experimental evidence exists that par. 8 does 
not give a safe load under all conditions of ser- 
vice, within the limits of usual values for w. 
h and s. The load, therefore, need never be 
made less than par. 8 permits unless for some 
special case of treacherous or dubious soil under 
an important structure subject to vibratory 
strains. An extra allowance, if made, should or- 
dinarily be made by reducing the spacing be- 
tween piles, down to a limit of 2^ ft. c. to c. 
On the other hand, the load should only be made 
greater than warranted by par. 8 with extreme 
caution, under favorable conditions for high bear- 
ing power only, and with care that pars. 14 and 
15 be not infringed. 

19. Computation of Loads: All extra loads 
which may result from winds, locomotive coun- 
ter-weight strains or other temporary loadings 
are to- be considered in computing the load on 
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each ptle. In pile trestles, It Is none too great 

an allowance to assume that the entire weight of 

the driving wheel base falls upon each bent In 

succession. 

O. BEARING POWEU OF Pn.ES DRIVEN BY 

METHOD 2. 
(Hammer attached to hoisting rope.) 

20. When the weight of the hammer lias not 
only to set the hammer in motion but also the 
hoisting rope and diiim, the energy of the blow 
(=wh) is in inverse ratio to the time talten for 
the hammer to fall a given distance free or at- 
tached to the rope, which may be observed ex- 
perimentally or computed, assuming the mass of 
the dmm to be concentrated at its radius of 
gyration from the centp^. It will usually be 
found to be diminished nearly one-half, which 
requires a corresponding reduction in the value 
of h, that variable being supposed to equal the 
height of free fall. 

(Deception is often resorted to in contract work 
under this method of pile driving; the fall of the 
hammer being checked by the brake In a way 
which it is difficult to guard against by inspec- 
tion. It Is therefore a method to be avoided in 
contract work.) 

D. BEARING POWER OF PILES DRIVEN BY 

METHOD 3. 

(Water jet.) 

21. As a rule, the soils in which the water jet 
works to most advantage are those in which the 
hammer method cannot be used at all; i. e. in 
wliich the penetration will be little or nothing 
imder any blows which the piles will sustain 
without crushing. If so, the loads which the 
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piles will sustain are limited only by their crush- 
ing strength or strength as a column, pars. 14, 
15; or the same as if driven by hammer with 
equally small penetrations. In important cases 
where there appears room for doubt, the piles 
should be tested either by loading or (preferably) 
by a few blows of a hammer after the material 
has had due chance to settle firmly about them. 
In fine river or sea sands, however, it is deHain 
that the penetration would be very ^nall under 
hammer bloivs, and hence the bearing t>ower 
will always be high. 

E. BBARIXG POWER OF PHiBS DBIVBN BY 

METHOD 4. 

(Dead load.) 

22. As a rule piles sunk only by a dead load 
placed on them will not sustain safely mneb 
more than the load which sunk them, but will ; do 
that (and sometimes much more) after they have 
stood for a time, to let the material settle closely 
upon them. In very soft and scml-flidd muds, 
the safe bearing power may be somethnes the 
weight which originally sunk them. The <«dy 
certain test is to try some of the piles with a 
hammer after they have been driven some time 
and then compute the bearing power by par. 8. 

P. BEARING POWER OF PILES DRIVEN BY 

METHOD 5. 

(Steam pile drivers.) 

23. As a rule, the interval of time between 
blows is not more than 1-10 to 1-20 as great as in 
ordinary pile driving, and the velocity of impact 
not over 1-3 as great. Therefore, the constant 1 
in the formula of par. 8, which represents the 
extra initial resistance of getting the pile In mo- 
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don again should not be over 1-10 as great, it bo 
much. Calling it 0.1 for safety we have for the 
case of steam pile-iU'lver pfles: 

Safe load = — — r-. 

8 + 0.1 

The sune results will be reached if we retain 
the formula of p&r. 8, but let h ^ the total fall in 
feet til 10 Uows. The formula as thus modified 
is at least not likely to give excessive loads in 
either easew^ If anything it is somewhat too con- 
servative. There is a lack of experimental data 
on which to base any closer estimate. 

G^. BEARING POWER OF PILES DRIVBS^ BY 

METHOD 6. 

(Gunpowder pile drivers.) 
TTie gunpowder pile-driver strikes nearly as 
^eic blows with a considerably greater average 
fblli than' by Method 5, par. 23w ^loreover, only 
half of 'tile effect of each blow is due to the fall 
of the hammiH-; the other half is due to the re- 
sulting explosion which throws up the hammer 
f©r ttie mext Wow. Otherwise, the conditions are 
fiolistantlally the same as by par. 23. Hence for 
th* safe load of piles thus driven we should have 
^ - , - 2 wh X 2 4 wh 

Safe load = -^ ;;-;- = ^ — jr-; 

This formula is also likely to err on the safe 
side, if at all; but experimental proof of safety 
should be required before it is exceeded. 



MSCrSStON Oli' THE PRECEDING PRO- 
POSED PILE DRIVING RULES. 

Sir: In response to your Invitation to discuss your 
"Suggested Code of Rules ot Practice for Pile Driv- 
ing and Safe Load of Piles " (Bug. News, Nov. 17. 
1892), I ought, perhaps, simply to refer you to my dis- 
cussion of Mr. Crowell's recent paper. In which 1 
noticed at considerable length some of the points of 
which you now treat. I may, however, be permitted 
to repeat what I then intimated, viz., that **the ele- 
ments attending the operation of the principles In- 
volved are so uncertain and so numerous, and the 
experimental data at hand are so uncertain and so 
few," that all rules upon the subject should (as my 
fttther observed of his own formula) be used with 
caution, and with a wide margin for safety In Import- 
ant cases. 

Hence it seems to mc a little, hazardous to assert 
that the load given by your formula In par. 8 Is 
"certainly safe under all conditions, except as below 
defined and limited," and that there is no experimental 
evidence to the contrary. The little ^llection of ex- 
perimental data, which I submitted In discussing Mr. 
Crowell's paper. Is vastly more complete than any 
other that I could find, and, In fact, embraces all 
SI ch ; yet those data are so few, so conflicting, and, in 
many cases, so uncertain, that I feel it would be <iulte 
within bounds to assert that there is no experimental 
evidence sufiacient to confirm or to refute any formula. 
As you will see, your formula. In Its approximation to 
the results quoted, compares favorably with the other 
two formulas then considered, yet we find ihflt three 
of the four piles at Perth Amboy (my "case 4") settled 
witli about 44,80(y lbs. each. By your rule the safe 
load was 28,300 lbs. each. If these piles had b:en in- 
tended to support a wharf for the storage of grain, this 
would perhaps have been a sufficient margin of safely; 
but if they had been designed for a railroad trestle or 
for a tall factory with taller chimneys, and filled with 
rapidly running machinery and hundreds of operatives, 
a wider margin would have been desirable. 

(18) 
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2. This, at least, emphasized the criticism I have al- 
ready made, that your formula In paragraph 8 1;* d •- 
fectlve In that the factor of safety is made a fixed, not 
11 variable, quantity. The second case given un'er 
Dordrecht (case 9) shows a nearly similar rela i m 
between the actual extreme load and the safe loa*l 
as given by your formula. In other cases the safe load 
by the formula was greater than the actual extreu.e 
lend, but the conditions of these cases were su -h th.-.t 
ycu would hardly consider them as coming within your 
limitatlcns. 

3. Under paragraph 10, I am disposed to ask: If 
the height of relMund must be deducted from that of 
tire fir*rt fall, ^ould Hot the fall from the rebound 
be taken Into account, and its height be again addel, 
restoring the height of fall to Its original value, as 
though no "bounce" had occurred? 

4. Under paragraph 23, I do not find it explained why 
we should assume that with one-tenth as great an 
interval between Wows the initial resistance to driving 
"should not be over one- tenth as great, if so mnch." 
Indeed, referring again to my list of exper'mental data, I 
find that in the 6n1y two cases which we are, p rhnps, 
wan-anted in taklugas cases of steam-hammer driving, 
yonr formula, with divisor =r s + 1, as originally given 
comes much nearer to the experimental results than 
it does with the divisor, mide = s + 0.1. as suggested 
in this paragraph. Thus, at Brooklyn (case 8) the ex- 
treme load was 224.000 lbs., and your formula for ex- 
treme load (with divisor = g + 1) gave 242,000 or 202.- 
000, according to whether we take the penetration at 
or 0.2 In., an exceedingly close agreement for pile 
driving data. But If we make the divisor s + 0.1. your 
formula gives extreme li)ad 242.000 and 800.400 lbs. 
respectively. For Dordrecht (ase 9) we have (;)r 
believe wo have— see p. 156 of discussion) actual 
extreme lond 10.440 lbs.; extreme loads by yonr formula 
with divisor = s + 1, 48,120 lbs. ; with divisor = s + 0.1, 
139,300 lbs. 

5. This consideration confirms me In questioning the 
soundness of the reasoning by whieli you seek to 
demonstrate the logical correctness of the constant a<l- 
dition of 1 (common to jour forinul i. and to ours), l:i 
the divisor, for all cases of driving with ordinary 
machlnei^; for, by that reasoning, the quantity to l»e 
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lidded to 8 ought, as yotl say, to be less for steam^ 
hammer driving. 

"Used with caution, and with a wide margin tor 
safety,'* your code, I think, will serve a useful pur- 
pose; but I think, also, that, considering how much 
we don't know about the bearing power of piles, "pre- 
sumably" is, "in all cases" connected with the sub- 
ject, a better word to use than "certainly." 

• John O. Trautwlne, Jr. 

Philadelphia, I>ee. 19. 1892. 

(1. We are yet waiting for tiie first recorded in* 
stnnoe where the formula proposed by us 

2wh 
Safe load = 

8 + 1 

does not give a load which is "certainly safe" for 
a pile driver under conditions of good practice, or, 
indeed, under any conditions. There have been 
quite a nutnfber (chiefly of piles driven in mud) 
where a greater load would have been safe; none 
to the contrary. Opinions will ditfer as to what 
is "sufficient" to estab!!sh a formula. "We consider 
that a formula shown theoretically to be consiirt- 
ent (i. e., rational) under all conditions, and shown 
practically to be inconsistent with no 
records, is amply established. The Perth Amboy 
record seems to us perfectly satisfactory. 
What better can be asked of a formula than to 
show a pile safe for 28,300 lbs., which actually 
fails under 44,800 lbs.? The assumption that this 
pile, which was safe for a wharf, might not have 
been safe under a factory is pure assumption. 

2. There is no disputing about tastes. It is a 
weakness of our poor human nature to love to do 
its guessing under cover, so to speak; to like better 
to be told "here is a limit certainly unsafe; take 
such a slice as you, in your excellent judgment, 
may think best," instead of being told "this much 
is safe; you may sometimes go beyond it safely, 
but take a certain risk in doing so." G-uesswork 
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has its plnce, bat its place is not in a formula; and 
it shonUl always be recofniized for what it is. 

3. Of coarse not. The second blow is a second 
and distinct one; nsualty inefPective because too 
weak. 

4. It is bad testing formulas by single cases, espe- 
cially where there is so much room for doubt as 
to th£^ real facts of the case, as in those cited. 

5. Argument on this point is exhau£|ted. It was 
not alleged that in every case of practice some 
chaa^e in the eonstaat might not come nearer to 
the truth for that particular pile, but only that 
these were of the nature of "errors of observa- 
tion," liable to be either way, and that a constant 
should not be made a variable unless it could bo 
varied intelligently and for specific reasons stated 
affecting that one constant and not the formula as 
a whole. If it is desired to make the formula 
variable, make it so directly by factoring the whole 
of it; and when it is nothing but guessing, make it 
a ffuess. Don't disguise it under a false pretence 
of precision, for the details of which no rational 
basis is claimed.— Ed.) 



FORMULAS FOR SAFE LOADS OF BEAR- 
ING PILES. 

(From Engineering News of Dec. 29, 1S88.) 

TVe hare received from Mr. John C. Trautwiue, 
Jr., the following letter: 

Sir: In your issue of Oct. 27, F. P. K. states 
that he has fonnd that good white oak piles 30 ft. 
long by 12 ins. in least diameter, and driven by a 
2,(X)01b. hammer, are safe for railroad trestles if 
they show only 

1 in. penetration under II ft fsU. 
IM •• " «• 17 •« 

1^ " " ** 20 •• 

19C ** ** ** ^ ** 

2 •* " •* 26 " 

and asks for data embracing other weights of 
hammer and other falls. 

In the absence of fuller particulars I venture 
to refer F. P. K. to a former communication of 
mine in which I gave a number of experimental 
data in order to compare a formula suggested by 
Prof. Ira O. Baker, of Champaign, 111., with the 
not very difficult empirical formula given in 
"Trautwine's Civil Engineer's Pocket Book,** 
which is: 



Extrem** lo d in tons 
of 2,210 Ibo. 



WHrhtof 3 /fall 

ram m Ibp. 1/ in feet X .021 



Last penetration :n in«j. -I 1 



Weighs of ^ / * ,1 ft 

ram. m lbs. ^ » f/ j^'^-" V^ 



or extreme _ -, ^^ ^ ^° ^^^' 

load m pounds. - » • * - 7 ; ; — ; 

Last penetraiiop in ins, 4- 1* 

(2^ 



i; 



c- 



^ 



4 



This formula, compared with the actual 
shows as follows: 

05 ®^. S^ 

feS £2 iS ^'^ 

1. U. a Govt, trial 

pile. Proctors- _ 

Tnie, La 910 $ 0.S75 00,500 

2. Phlla'phla, 1873. 1,800 M 18.0 U,«00 

3. Brooklyn Navy 

Yard.. 2.240 30 0.5 224,000 

4. PenBRcbla Navy _ 

Yard 2,200 30 0.5 9J.800 

5. Baffslo. N. Y .. . 1,900 VO 1.5 / 75,000 to \ 

\ 150,000 / 



res 



ult0t 




68,240 
14,336 

239,200 

?a=i.000 
120.000 



Other experiments were given, but the foregoing 
were the ofily ones for which I am able to state 
the TextreAe load. 

The formula appears to fail badly in case No. 4, 
but the actual extreme load in that case is so far 
below that in case No. 3 (where the conditions were 
almost identical) that it would seem justifiable 
to suppose that some special feature may have 
facilitated the failure of the pile. The pile was 
entirely in clean white sand, open and porous, 1 
cu. ft. being capable of holding 6 qts. of water, and 
it would be easy to make a case for the formula 
by supposing a change in the matter of mois- 
ture after driving. 

But this case strikingly illustrates the extent to 
which the unknowable enters into the matter of 
the bearing power of piles, especially where the 
jrround is wet or liable to become so, and 1he in- 
advisability of pinning absolute faith to any for- 
mula, however simple, on the one hand, or how* 
ever handicapped with weight of pile and modulus 
of elasticity of ram, pile and ground on the other. 

Case 5 is a further illustration. Up to 75,000 
lbs. there was no settlement; with 75,000 lbs. there 
was a settlement of % in., and there the pile 
stopp^. With 100,000 lbs. there was a further 
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settlement of % in. With 150,000 lbs., there was 
a further settlement of 1 9-16 ins. 

Now what was the extreme load in this case? 
If it was 75,000 lbs., our formula (giving 120,001) 
lbs.) errs on the dangerous side. If it was 100,- 
000 lbs., the formula is a little more than safe, 
while if we take the mean (say 108,000) of the 
three loads, the agreement is about as close as 
need be. 

Can F. P. K. give us the extreme load on one of 
his trestle piles? If not, he can no doubt tell us 
how much they safely bear, and it must be borne 
in mind that they are subject to vibrations, which 
must exercise an important but incalculable effect 
especially in soft or wet ground. 

Yours truly, 

John C. Trautwine, Jr. 

We think our correspondent's closing question 
in the next to last paragraph, is rather a bit of 
special plea/dtng. Tbe "extreme load" which u 
pile can be regarded as in any sense safely sua*- 
taining is that under which it first begins to settle 
by some appreciable amount, like % in. The fact 
that the pile then stopped has little to do with the 
matter; the next pile might settle 3 or 4 ins. and 
then stop; and in actual work, the settlement by 
any amount of any one pile among a number 
throws just so much more work on the rest, with 
increased probability that they will settle in turn. 

The Trautwine formula, therefore, gare decided- 
ly too great an extreme load in two out of thesp 
five cases, and the extraordinary difference in ulti- 
mate resistance of piles 3 and 4, driven under al- 
most identically equal conditions, may well tend to 
throw discredit on all formulas, even as approxi- 
mate guides. Again, although our correspondent 
F. P. K., as quoted above, gave 2 ins. as a safe 
minimum penetration for trestle piles under a 
2,000-lb. hammer falling 26 ft., yet there are plenty 
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of trestles in all parts of the country where the 
actual penetration was 3 or 4 ins. which yet stand 
very well. We are not now recommending such 
practice; we only say that it exists* and so far as 
we know has never caused an accident, and that in 
many places it would take a pretty long pile to get 
a much smaller penetration. By Mr. Trautwine'a 
formula the ultimate load for such a pile would be 
2-5 of one which penetrated 1 in. and 1-5 of one 
which did not penetrate at all, and its ultimate 
load would l)e 64,034 lbs., which seems not unrea- 
sonable and loaves a sufficient margin for the 
known loads (say 60,000 lbs.) placed on 4-pile bents 
to account for their standing, although likewise 
indicating that they are none too safe. With piles 
3 ft. apart, a column of masonry about 40 ft. high 
would place this load upon it; yet we have cer- 
tainly known masonry of nearly this height placed 
oil piles driven to only 2 to 2% ins. penetration 
with never a seftloment resulting; and in the very 
case we have in mind, the last penetration varied 
between V/4 and 2% ins. in adjacent piles, which 
there is not the slightest real reason for believing 
had any great difference in ultimate bearing capac- 
ity, the material being exactly the same, a coarse 
gravel. 

That pilenlriving and pile loading must forever 
remain an empirical art, defying close analysis 
by formula, is indicated in another way by the 
enormous difference which the character of the 
blow and the condition of the top of the pile make 
in the penetration. In the mud of the Hudson 
River it is almost impossible to drive a pile by 
blows at all, and most of those which are driven 
are "pulled" down from a scow by placing part 
of the weight of the scow as an insistent weight 
on it, beneath which it gradually sinks. When the 
load is taken off, these piles remain solid under 
any load which does not approach too closely to 
that by which they were driven; but if originally 
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driven by hammers, they cause no end of trouble 
by continuous slow settlement, and some of the 
ferry slips of Jersey City and Hoboken are only 
kept in 'place by arrangements for constant read- 
justment of the pile support, for* which there are 
ingenious permanent arrangements. 
- — How great a difference the condition of the head 

of the pile makes in the penetration under the 
V last blow, and hence in the resisting power, is in- 

dicated strikingly in some figures given in a paper 
By Don. J. Whittemore,* showing the gain in pene- 
tration by cutting off the broomed end of a green 
Xorway pine pile, driven by a 2,800-lb. Nasmyth 
hammer falling 36 ins., from which we abstract the 
following table, showing the number of blows re- 
quired to cause each successive foot of penetra- 
tion: 

Ft. pene- No. of blows 
c ration. toarivelft. 

Headadsed off. 

275 

A72 

832 

825 

Head adzed off. 

213 

275 

:7L 

378 



F\ pene- 
traiion. 
3. 


No. of blows 

todiivelft. 

5 

15 

20 

29 

35 

46 

61 

73 

109 

153 

257 

684 


F 

cr 


4... 

5 

6 

7 


15 
16 
17 

18 


8 


9 


19 


10 


20 


11....:..::. 
i^. . • . .... 

13 


21 
22 


14 


Tc 



Total No. Of blows. 6,228 

According to any one of the established formulas 
■for pile-driving, the ultimate load which the pile 
would sustain would have been three or four times 
as much, had driviug stopped just before adzing off, 
as if it had stopped just after; yet no reasonable 
man can doubt that its real resisting capacity was 
much less. 

In order to show what various engineers have 
evolved from their inner consciousness as about 
the proper thing for piles, we give in the accom- 
panying table a full abstract of all the leadluj? 

* Given in fuU later in this vplume. 



2f 

formulas from the simplest to the most complex 
abstracted from a valuable paper on the subject 
by Mr. Rudolph Hering which every engineer 
should have, published by us in 1887.* The last 
nine columns of the table we change from the form 
given by Mr. Hering to a form giving the relative 
resistance indicated for piles driven under varying 
conditions, taking as a unit the re8istan<'e of a 
pile driven by a 2,000-lb. hammer falling 30 ft. In 
al cases the last penetration is taken as 0.1 ft. 
It is evident that the ratio of ultimate loads under 
various weights of hammer and falls is of more 
importance than the absolute amount; since there 
must be a certain, factor of safety any way: and 
if the ratio' of all formulas be the same, we 
shall obtain the same safe load from any one of 
them simply by varying the value of the coefficient 
F common to all the formulas. 

As respects the effect of different hammer falls, 
taking 30 ft. fall in each case as unity, we have: 





2,003-Ib. 
/^bammer.-N 
10 ft. 6 ft. 
fall. fall. 


1,000-lb. 
/^hammer.-N 
10 ft. 5 ft. 
fall. fall. 


500-lb. 
shammer. -N 
10 ft 6ftH 
fall. fall. 


Simpl'st f 'rm'l'a 


.333 .167 


.333 .167 


.333. .167 


Most complex... 


r.333 .159 
A 10 to 
l,^ .208 


r.278 .140 
-[to to 
1.064 .232 


r.5 .'263 
-! to to 
1.333 .064 


Tratitwine 


.695 .550 


.695 .550 


.695 .550 



McAlpine*s, Rondelet*s and Rankin & Mason's 
formulas are neglected in this summary as not real- 
ly intended to be general for all conditions. The 
simplest formula is tjie first one given in the large 
table, 

„ wh 
F 



8 



Now, examining this table, is there the slightest 
evidence that the more complex formulas approach 
any more nearly to the true ratio of experience 

♦ Given later in this volume. 
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than the simpler form, which gives the resistance 
as inversely to the fall, penetrations being equal? 
If there is, we fail to see it. These complex for- 
mulas dodge all around the simpler form, some- 
times larger, somethnes smaller; with a tendency, 
however, toward the extreme embodied in Traut- 
w'me's formula, which diflPers markedly from all 
others of note in attaching little weight to height 
of fall. To a certain extent we know this to be 
justified. A 30 ft. fall will hardly triple the resist- 
ing? power due to a 10 ft. fall, but will any one be- 
lieve that a 10 ft. fall pile may properly be trusted 
with 70% of the load placed on a SO ft. fall pile? 
The most rigorous theoretical analysis^ as embodied 
in such formula aa Redtenbaehor's and Wiesbach's 
do not differ materially from the direct inverse 
ratio, and bearing in mind that the high falls are 
rather the unit from which we measure, and thai 
the only effect of. complexity is to increase the 
loads placed on small fall piles, we fail to see 
anything to be gained by it. 

As respects the effect of weight of hammer, we 
have the following comparison, taking the 2,000-lb. 
hammer as unity, and other conditions as above: 



-30 ft. falls-N ^10 ft. falls^ ^ ft. fallfr^ 

£S^'2 £2 .o2 -^^ ^^ 
Si §B sa £S 38 §S 



^§ i§- Sg is is §a 

Simplest formula .500 .250 .500 .250 .500 .250 

.417 .417 



Most complex....-; to to •{ to to -[ to to 

1.095 .307 1.69S .083 1.60S .093 

Trautwine 500 .250 .500 .250 .500 .250 

Nystrom 318 .098 .317 .096 .363 .102 

Nyatrom is given separately as very exceptional, and 
plainly inadmissible. 

Here all the formulas agree in assigning the 
same ratio of effect to hammers of varying 
weights under varying falls; but is there any pea- 



SOD apparent why, the fall being constant, the 
effect of the blow shouW vary materially from 
being directly as the weight of the hammer? 
Plainly not to the theorists as a class, since they 
yary on each side of this. If anything the lighter 
hammer should hare somewhat less than propor- 
tioHate effect, yet the most of the complex for- 
mulas give the effect of the lighter 
hammers as somewhat greater than that 
of the heavier ones in proportion, apparently from 
purely mathematical reasoning: "If it does not 
conform with the facts, so much the worse for the 
facts." Within the moderate limits of variation 
whida occur in practice, we see no evidence of any 
thetoretlcal or practical gain by varying from the 
simple assumption that the resisting power varies 
directly as the weight of the hammer, all other 
things being equal. 

The effect of the factor s (penetration under last 
blow> in the various formulas we have not 
analyzed, since Mr. Bering did not enable us to do 
so easily by computing a table of ultimate loads 
for various values of s. In most of the formulas 
I4 is inversely as s, which plainly cannot be cor- 
rect, as when s = 0, L becomes infinitely great. 
To avoid this absurdity, Trautwine adds to s the 
constant 1 in., which seems to us the true princi- 
ple. Others have extremely complex forms, the 
effect for which can only be determined by trial. 

The form of equation which it seems to us, in 
view of the proceding and some following facts, is 
the proper and only one likely to be useful in prac- 
tice is of the form; 

Safe load L = F < ' 

8 + 

in which w = wt. of hammer h = fall, s = last pene- 
tration, c = some constant addition to s, preferably 
1 in., and F = a constant detcrmine<l from exper- 
ience. This in the first place conforms closely to 
the theory of pile-driving. We distrust all for- 



mulas which, like Trautwine's cube root formula, 
are not only unsupported by, but in direct and 
complete antagonism to, theory. The hammi^r in 
fallinjr stores in itself a certain force, which is 
the driving force, naeasured by wh. By this force 
the pile is moved a certain distance s, and burring 
the energy wasted in brooming the pile and beat- 
ing piU' and hammer, it is mathematically certain 
that the AVERAGE resistance against which the 

wh 

pile moves through s is measured by -— , from 

s 

which it is a simple inference that the ultimate 
load shall be in some fairly close tatio thereto. 

Such conclusion is modified by several theoreti- 
cal and practical considerations, the first of which 
is that the resistance is very unequal at the be- 
ginning and end of the motion s, being increased 
at the beginning by the pile's inertia and decreased 
at the end by the pile's vis viva. It is on this ac- 
count that heavy hammers with small falls are 
more effective than light hammers with high falls; 
the latter attempt to communicate too great and 
too sudden a velocity to the pile; and it is on this 
account that the weight, area and length of pile, 
modulus of elasticity and what not, enter inlo 
formulas seeking to be theoretically exact. Th(» 
friction iS also much greater at first than after the 
pile is started, and the rapidity of the blows has a 
great effect which defies analysis; quick blows being 
vastly more effective than slower ones, because 
leaving no time for the ground to settle and stiffen 
around the pile between the blows. This fact, 
however, tends to make the sustaining power 
greater than that exerted at the end of the last 
blow, and to compensate more or less for other 
sources of error. 

if we assume that the ultimate load for a pile 

wh 

=-■ average resistance during last blow, or we 

s 



have for a 30-ft. fall of a 2,000-lb. hammer, with 

8 = 0.1 ft. 

Rl'=^2~?««= 600,000 lbs. 

as in the first (Sanders') equation of the table. 

If we give thia equation the form suggested 
above, making c = 1 in. or 0.0833 ft., as in Traut-' 
wine's formula, we have for ultimate load: 

0.1833 ^^'. wiua. 

In the large table it will be seen that the more 

elaborate formulas differ much more from euch 

other than they do from this, and comparing it 

with the observed ultimate load for five different ' 

piles as quoted in !Mr. Trautwine's letter above, 

we have: 

Actual ^K -^u Ra'io 

Pile ult. load, L' = ^^ Ratio, L'= .~^(actiial= 

No. Ih8. . 8 (actual = 1). 8 + 0.083 lO) 

1 00,500 145,600 24 39,700 IKm 

2 14,603 3*,400 2.6 36,S00 2.49 

3 224,000 •1,612,800 7.2 537,000 2.40 

4 91,800 1,584.000 17.2 57,000 5.75 
3 :5,000 440,800 5.8 264,000 3.53 

The observed load for pile 1, with a 910 lb. ham- 
mer falling 5 ft. and % in. penetration, is dispro- 
lK>rtionately great by either formula; but the ex- 
treme case of pile 2 with IS in. penetration is much 
less anomalous in the last, which likewise spe:tii5 
to us to give better (because more uniform) results 
than Mr. Trautwine's formula. The average fac- 
tor may be taken as somewhat under 4, and the 
indications from the above and many other facts 
seem to us decided that a factor of safety of ' i$ 
will cover adequately the weakest piles driven 
under fairly normal conditions, while not falling 
in any case sensibly below the loads warranted by 
good practice. Taking likewise the last penetration 
in inches instead of feet, this gives to the equation 
for safe load the simple form: 

T 2 wh 



I t 
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Comparing this with the safe loads given by 

other formulas, most of them extremely complex, 

we have the following: 

Safe Loads for Pile9 SinkiDg 0.1 ft. Under Varioas Blows, 
According to Varion3 Anthoritics. 

30 ft. fall of 5 ft. fall of 

2.0C0-lb hammer. fiOO lb. hHmmer 

Sanders 200»000 to 75,000 8.333to3,]25 

Mason 120.000 3.125 

Trautwine 84.900to 11,150 ll.SSOtolfKiO 

McAlpine 68,200 (neffaiive) 

Rankine & Mason 28,800 28.804 

Rankine 202,600 to 52,180 lM16to 2.4>9 

Weisbac:i 4%265to 4,526 2.467 to 267 

Redienbaober 96810 to65,K70 3 101 to 2,070 

Bri«& Becker 93,000 to 6i,000 6,250 to 4.167 

Weisbach 48,?50ia 4,825 l,850to 13G 

Nystrom 64,000 1,040 

Briz& Becker 24,000 to 16,000 l,56i to 1,042 

2wh 

By formola L = f:^^ . . . 54,545 2,278 

When such extreme variations are allowed as in 
some of these cases, a formula, becomes worse 
than useless, as also with such excessive coeffi- 
cients of safety as Weisbach*s (0.1 to 0.01). There 
are no reasons why there should be any very great 
difference in factor for different soils; penetration, 
hammer and fall being the same. We question if 
under these conditions greater differences than 
about two to one ever have been or will be observed 
in however different soils, assuming always that the 
pile does penetrate and with some approximate 
regularity under the later blows. It appears to 
us therefore, and we suggest to the profession as 
a result of no little examination of the facts as to 
pile driving at various times, that there is no 
better nor safer formula than this for the safe 
working load for piles under all ordinary condi- 
tions, to be reduced under exceptional conditions 
(as notably with irregular penetration) but never 
exceeded unless the pile is known to rest on rock 
and act as a column: 

T* 2wh 

in which Ii = the safe load in lbs.; W = wt of 
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hammer in lbs.; h = fall in ft., and s = penetration 
under last blow in inches, assumed to be sensi- 
ble and at an approximately uniform rate. 

If there are -any facts on record tending to in- 
validate this formula, or to indicate that another 
would be better, we should be glad to know them. 
It is at least consistent, and cannot lead astray, as 
the misGellaneous assortment in pur large table Is 
very liable to do. 



PILE DRIVIXG FACTORS OF SAFETY. 
(From Engineering News of Aug. 6, 1889.) 

It will be remembered that in our issue of Dee. 
29, 1888, we discussed somewhat at length **For- 
mulas for Safe Loads of Bearing Piles." 

Several correspondents have written us since, 
expressing approval of this formula, including one 
much-respected correspondent whose letter we pub- 
lished March 16, Mr. John C. Trautwine, Jr., but. 
who yet expressed a preference for the more com- 
plex form which is endorsed by Mr. Trautwine, 
Sr.'s high authority: 

50 w v'h 
L = F i — 

^ 8 + 1 

in which F = the factor of safety, w = weight of 
hammer in lbs., h = fall of hammer in ft., and s 
=-= set of pile under last blow in ins. 

The pros and cons of the main question, raised 
by ^Ir. Trautwine's letter, we expressed our views 
on, March 16, in a note appended to his letter, and 
do not propose to again consider; but there was one 
argument advanced in his letter which we shall 
briefly consider, since it has a certain general bear- 
ing on other questions of the kind; illustrating 
likewise, from our point of view, certain weak- 
nesses of human nature, which crop out curiously 
in such matters, sometimes harmlessly, and some- 
times not so harmlessly. 

;Mr. Trautwine suggests that his formula above 
has a certain decided advantage from having in it 
the factor of safety, F, which can be "varied ac- 
cording to circumstances,** whereas the result of 
the other formula is not so variable. He possibly 
carried with him the sympathy of many readers 
in his argument on this point, which we quote 
verbatim: 

Nor can I think the use of a constant factor of safety 

(34) 
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an Improvement, for It alm« to fix one oi the most 
nnfixable factors of the case, glvinjf, as I understand, 
the same factor of safety for a low brick shed. In 
ground free from vibrations or Inundations, as for a 
lofty cathedral, with a tidal river at one side and the 
Jar of railroad traffic on the other. 

While our ignorance remains, we must use Its fac- 
tor: and the denser that ignorance, the greater must 
be both the factor itself and its range of variation. 
It seems to me, therefore, more scientific (or, what is 
reallv the same thing, more practical), to try to ap- 
proximate to the "extreme" load, and leave the factor of 
safety to the judgment. The result Is shabby, but I 
don't sec that the case admits of anything better. 

This argument has a plausible sound, and in its 
statement of facts is perfectly correct. The for- 
mula 

2 wh 



L = 



8 + 1 



does give "the same factor of safety for a low 
brick storage shed, in ground free from vibrations 
or inundations, as for a lofty cathedral with a tidal 
river on one side and jar of railrobd traffic on the 
other." It gives, and was intended to give, values 
perfectly safe for the worst case, leaving the piles 
under the "low brick storage shed" to have a cer- 
tain excess of strength, unless the engineer chooses 
to presume on his favorable conditions to make a 
special case and advance beyond it. 

Now what possible advantage is there in doing 
otherwise? What but the shadow of an atvantage, 
which is really an unmitigated disadvantage, is 
even promised by doing otherwise? Let us see 
what is the difference, and the only real difference 
between these two formulas. 

The first formula says in effect: "Here is the 
load which any ordinary pile cannot resist. Some 
will carry only half, some a quarter, some a sixth 
or less (penetration, hammer and fall being always 
the same). Make your own guess — according to 
circumstances." 

The second formula says In effect: "Here is the 
load that any ordinary pile (with given penetration, 
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hammer and fall) is certain to resist. Some lucky 
ones may resist five or six times as much (of 
course, or it would not be a safe load), but any 
\ excess above this involves risk." 

Now, is there any real difference between these 
two as regards applicability to varying conditions? 
There is one very real one, so far as we can see, 
and only one, via. : That formula (1) enables a man 
to deceive himself with the notion that he is being 
cautious when he is really being rash, while for- 
mula (2) forces him first expressly to admit to him- 
self that he is being rash. Hence formula (1) ap- 
peals to some of the deepest foibles of our human 
nature, for we all like to persuade ourselves that 
we are wiser and more cautious than we are. But 
the essential nature of the act is precisely the same 
when the engineer takes a certain maximum load 
which is never safe, and, on the strength of his own 
judgment only, says, "I will use a third of that 
load in this case, but only a sixth of it in that,** 
as when he takes a formula which simply gives the 
universally safe load and says, **I will use this 
value in this case, where I want to be sure; but 
in that other case, which seems less important and 
to have better conditions, I will double the load;" 
hammer, fall and penetration being understood to 
be always the same. 

Nay, if a man is going to vary in this way, ac- 
cording to circumstances, we maintain that he can 
do it more correctly and surely by increasing from 
a lower "always safe" value, than by decreasing 
from a higher "always unsafe" value; but is it 
really justifiable to do it at all, in pile-driving at 
least, and is there really the slightest justification 
or excuse to embody in a formula an Invitation to 
do so? It is to be remembered that the piling 
is always planned before the precise nature of the 
soil is known, and that even after the piles are 
all driven we do not know it fully. No one in his 
senses reduces the number of piles that he had 
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previously planned because he finds the indications 
as to soil a little better than he counted on. He 
may increase the number of piles under reverse 
conditions, but that is only because he either can- 
not get uniform penetration, or cannot get last 
penetrations as small as he expected. There re- 
mains therefore only the question of whether it 
is wise and proper to countenaYice in a fonnula 
loading piles under a "low brick storage shed'* 
with twice the loads that piles driven by equal 
hammer blows to equal penetrations bear under 
a "lofty cathedral." 

No one will dispute that, under some rough-and- 
ready temporary structure, it may be proper to pile 
on hap-hazard all the load the piles will carry, and 
let them settle or not as it happens; but if a *iow 
storage shed*' be built to stay, we see no reason 
why its 40 or 50 piles should be more heavily 
loaded than the 2,000 or 3,000 piles under a cathe- 
dral. Its ground *'free from vibration'* may next 
year have tracks on both sides of it. Its load Is 
variable and may be highly vibratory, while the 
cathedral load is not. Its sdil just below the piles 
may be far worse than suspected. A failure of a 
single pile cracks and perhaps destroys it. Does 
it pay to take these chances simply because the 
building is unimportant, if it is intended to be per- 
manent? 

WTien, as in bridge designing, the necessity for a 
varying factor arises from known and in a sense 
measurable differences of conditions, as in floor- 
hangers, and main members, then there is reason 
and excuse for varying factors; but when the 
causes for actual variation are wholly unknown 
and unforeseeable, as among a hundred piles driven 
to ex.ictly the same penetrations by similar and 
equal blows, we see no reason for taking further 
chances with any kind of permanent structure, to 
save so cheap an article as piles. For every struc- 
ture the load should be that load under which 
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bo ono of a handred or a thousand such piles ^^ll 
fail, and not half or quarter or ^dxth of that under 
which they may be expected all to fail. "Factors 
of ignorance** mast remain numerous enou^ at 
best; there is no excuse for encouraging or perpet- 
uating them unnecessarily, and thus tempting the 
reckless to folly, or the ordinarily cautious to need- 
less error. 



FURTHER FACTS AS TO PILB DRIVING 

FORMULAS. 

(From Engineering News of Oct. 19, 1889.) 

We review at some length in another column 
Prof. Ira O. Baker*s new "Treatise on Masonry 
(Construction." Of the boolc in general we have 
been gratified to be able to speak in the highest 
. terms. Of what is given on the subject of pile- 
driving we were unable to speak so highly, and as 
the subject is a broad one, and one which it is 
quite desirable should be reduced to some basis of 
general agreement, and as Professor Baker gives 
some new data on the subject, it seemed much better 
that we should make the subject one for general 
discussion. 

In our issue of Dec. 29, 1888, we discussed this 
same question at some length, using as a text a • 
letter from Mr. John C. Trautwine, Jr., and an 
admirable paper by Mr. Rudolph Hering, giving a 
comparative abstract of some fifteen different for- 
mulas. The conclusion we reached was "that there 
is no better or safer formula than the following 
for the safe working load for piles under all ordi- 
nary conditions, to be reduced under exceptional 
conditions (as notably with irregular penetration), 
but never exceeded unless under special circum- 
stances, viz.: 

2 wh 

in which L = safe working load in pounds, tons of 
other units; w = weight of hammer in the same 
unit; h = fall of hammer in feet, and s = last pene- 
tration in inches, assumed to be sensible and at an 
approximately uniform rate (and head of pile in 
good condition, as elsewhere expressed). The for- 
mula is at least consistent and cannot lead astray, 
as many others are likely to do. 

(39) 
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To the miscellaneous assortment of formulas here 
alluded to, Professor Baker has now added another 
and we propose to show: (1) why we distrust his 
formula also for practical use, and (2) why his ad- 
ditional data confirm our belief that the above 
simple formula is really the best and safest, aa 
well as the simplest, of any now before the pro- 
fession. That the reader may have before him 
the grounds on which we originally based this con 
elusion, we reprint in another column some liberal 
extracts from our former article. 

^Professor Baker's "formula for practice" is in 
reality the following interesting equation, to duly- 
express which we shall have to give it in two In- 
stallments: 



= \/w 
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3L8e + ^l S K 

The author eliminates a handful or so of these 
variables, it is true, including length '(I--) and sec- 
tion (S) of hammer, length (1) and section (s) of 
pile, ami elastic modulus of hammer (E) and pile 
(e) by letting 

eSE se 

^=3L8e + 41SE' 
when the above long equation reduces to 

P= \2 q W h + q« d« — q d. 
By assigning certain assumed average values to 
the several variables in q, he further obtains a 
numerical constant of 5,000 for q, giving the equa- 
tion the form: 



P = 100( i \Nh + 50d)« — 60d), 
in which P = the ultimate load in tons which will 
move the pile, W = weight of hammer in tons, 
h = fall of hammer in feet, and d = last penetra- 
tion in feet. 

This form, the author tells us in italics, "is the 
form to be used in practice" (p. 239); yet imm^ 
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diately thereafter (p. 245) he tells us that "if it la 
thought not desirable to trust entirely to theory, 
then the above equations may be considered as giv- 
ing only the form, and q be determined by experi- 
ment." Four pages later he tells us that "the fac- 
tor of safety ranges from 2 to 12, according to the 
importance of the structure and to the faith in the 
formula employed," which leaves a range of 600% 
for the inner consciousness to work in, and makes* 
any great elaboration in the formula ridiculous, 
while on the very next page we have the amazing 
declaration: "In a few cases a small settlement 
has taken pla^^e in a railroad trestle when the fac- 
tor of safety was 3 or 4, as computed by equation 
(4), page 239." 

We must confess our inability to comprehend 
that state of mind among scientific writers which 
so frequently enables them, as in this case, to say 
on one page that a proper safety factor for a given 
formula ranges "from 2 to 12," and on the very 
next page that failure Ijas been known to occur 
mider a factor of 3 to 4. Where does the element 
of scientific precision or caution come in, if it be 
admissible to put forward a formula as giving a 
proper assumption for ultimate load which in a 
few cases (out of the very few which it is possible 
to examine) prove three or four times too large? 
It may be claimed, however, as is done in behalf of 
separate wheel loads for computing bridge strains, 
that such a formula, while it has no absolute preci- 
sion, is at least correct in form, and hence leads 
to an evener distribution of strength and material 
under varying conditions. We propose to show, 
therefore, that, even from this point of view, th<» 
more elaborate formula is also the less correct. 

For this purpose we may also use as a primary 
basis for comparison a paper which is one of the 
many new references in l^of. Baker's valuable 
work, and which has heretofore escaped our at- 
tention, viz., a paper by Mr. A. C. Hertiz, giving 
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actual records of the driving and subsequent pull- 
ing up of nearly 400 piles,* and hence have a more 
solid experimental basis than most other papers 
on piles. Mr. Heritz found the following relation: 

^= p 500 
which Prof. Baker transforms into the equation 

P= VaiOWn-f (250d)« — 2J0d. 
justly remarking tiiat it has precisely the form of 
his own equation for practice, though deduced in 
an entirely different way. Let us see precisely 
how much this identity of form means, however. 
By working out a few numerical examples to cover 
the range of ordinary practice. 

The extreme range in last penetrations may be 
said to be from OV^ to 5ins., or say 0.05 to 0.4 ft. 
The extreme tall ever used may be said to be 30 
ft. for last blows, and the extreme weight of ham- 
mer V/2 tons or thereabouts. Regarding W h as a 
compound unit, as we can do by any of the for- 
mulas, values of 10, 20, 30 and 40 ft.-tons will 
cover all necessary range, and tabulating on this 
basis we get the following rather striking com- 
parison between the Baker formula, Hertiz formula 
and our own simple rule of 

2wh 
Safe load = r-rr* 

8+1 

Ultimate Resistance (Value of P) by Baker's Formula. 

Last penetration in feet, d = 

Wh= 0.05 0.1 0.2 0.3 0.1 
ft.* tons 

of blow. Ultimate Resistance of Pile. 

10 153.1 91.6 48.8 83.0 2i.8 

20 262.3 170.8 95.4 65.3 4a5 

30 352.1 241.6 140.2 96.9 73 6 

40 4301 306.2 183.2 127.9 97.6 

Ultimate Re^tance as Deduced by Hertiz from Records 

of 400 Piles. 
10 59.3 50.0 36.6 28.1 22.5 

iO 88.3 78.1 . 61.8 50.0 41.4 

30 110 6 100.0 82.3 68.6 58.1 

40 129.5 118.6 100.0 85.1 78.2 

* Proo. Inst. C. B., Ixiv., 311-315; republished In Yan 
Noetrand's Magazine, zzv.. 373-6. 
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2wh 

Safe load by EagiDeerinK News Formula L = "^ifY 

10 12.5 9.09 6.88 4.35 3.45 

20 25. 18.18 11.76 8 70 6.90 

30 37.5 27.27 17.66 13.l4 10.34 

40 60. 36.36 23.53 17.39 13.79 

It needs but the most cursory comparison of 
these tables to see at once that in tiie two great 
tests of reasonable absolute values and of the rela- 
tion of the different values to each other, the two 
formulas for ultimate load, which have "exactly 
the same form," are much less symmetrical with 
each other than is the simple safe-load formula 
whi<A we have proposed with either of them. In 
the first place, the Baker formula gives much 
greater safe loads than the Hertiz, as shown in 
detail as follows: 

Ratio 0/ Excess of Ultimate Loads by the Baker Formula 

Over Those by tha Hertiz. 

I ast penetratioB in feet. 
Wh .05 .1 .2 .3 .4 

10 2 57 1.83 l.te 1.17 1.11 

20 2.97 2.18 1.54 1.31 l.W 

30 8.17 2.42 1.70 1.61 1.27 

40 3.33 2.58 1.83 1.60 1.33 

TakJDg the four corDers of this table illus- Ratios, 
tiating extremes, they stand (t'^- -'i- 



Comparing in like manner the four comers 
of the last two tables, showing the excess 
of the Hertiz ultimates over our own safe 



3.33 1.88 



loads, they will stand /4.75 6.50 

\2.r - ^ 



Comparing our own safe loads with the 



.50 5.80 



Baker ultimates, similarly they will stand /12.2 7.2 

\ 8.6 7.1 

It will at once be seen by the careful reader Hiat 
the simplest formula "splits the difference" be- 
tween these two more elaborate forms, so as lo 
come closer to either of them in its ratios than they 
do to each other. We agree with Mr. Baker in his 
evident feeling that the Hertz formula is not en- 
titled to full credence as to absolute values. Never- 
theless, it is notable that under all conditions his 
Qwn, of "exactly the same form," giv§^ from 10 to 
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233% larger altiiiiate loads, never giving less. We 
shall show shortly that this results from an actual 
defect of form, and it tends somewhat to explain 
why certain piles have failed under one-third to 
one-fourth of his ultimates. It should be added in 
fairness, however, that these ultimates correspond 
very well with those of the hatful of other for- 
mulas reviewed in our issue of Dec. 29, 1888, 
showing about a mean between them at what 
we may call the unit value, that for 30 ft, fall of 
2,0001b. hammer with 0.1 penetration. 

Now, in the first place, is it in fact warranted 
by good practice to load piles with larger loads 
than are given by the Ehigineering News formula 
as tabulated above? We do not think so. Calling 
the weight of masonry 2 tons per cu. yd., the above 
table permits of loading piles, 3 ft. between cen- 
ters, with 50 to 75 vertical ft. of solid masonry, 
and piles 2^ ft. between centers with 75 to 110 
ft. of masonry. More, we believe, is never war- 
ranted, and never imposed by careful engineers. 
The proper alternative is to step out the founda- 
tion to give more area until enough is secured. 
Prof. Baker, on page 248, quotes examples (which 
we might well extend) showing 13% to 20 tons per 
pile, but although the piles under the exceptional 
Royal Border bridge carry 70 tons, yet as Mr. 
Trautwine would say, "it is a wretched precedent 
f(-r bridge building." On the other hand, he quotes 
an example of some piles driven in a work under 
the supervision of one of the editors of this jour- 
nal,* which leads to a quite opposite conclusion, as 
follows: 

The South St. bridge approach, Philadelphia, fell 
by sinking the foundation piles under a load of 
24 tons each, lliey were driven to an absolute 
stoppage by a 1-ton hammer falling 32 ft. Tliey 
were driven through mud, then tough clay, and into 
hard gravel. ... It is more probable that the 

•See Trans. Am. Soc. C. B., vol, vii. 0878), p. 2Qi] 
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lost blow was struck on a broomed head, which 
would greatly reduce the penetration, and that con- 
sequently their supporting power was overesti- 
mated. According to Trautwine's formula— the 
only one of all the preceding which is even ap- 
proximately applicable to this case —their support- 
ing power was 164 tons. 

The author is in error in supposing the piles 
were broomed. That was carefully avoided. As 
an instructive instance, which now is almost for- 
gotten, of the dangers besetting the piledriver, we 
reproduce in another column from Trans. Am. Soc. 
C. E. a cut showing the conditions, with an ex- 
planation of the facts. No formula could be prop- 
erly applicable to this case, but the author errs in 
saying that Trautwine's formula is the only one 
he gives which is "even approximately applicable." 
His own is perfectly applicable, with the sole ex- 
ception that it gives an absurd result. Since d = 
it reduces to 

P = 100 V v\h 

whence we find the sustaining power of these piles 
ought to have been 565.7 tons! A formula which 
becomes absurd under extreme conditions is ipso 
facto shown to be" defective in form. Nor is it 
necessary to make the conditions very extreme to 
know this. Had d been % or % or % in. we should 
have obtained the almost equally absurd results 
of 474.5, 400.0 and 340.3 tons respectively. Under 
the same conditions the Engineering News for- 
mula would give 

«., . Fors = OS = M-in. S = H-in. S = %-in. 
Safe load = 6ft C tons. 56.2 tons. 42.7 tons. 36.5 tOQH. 

These are just about such loads as ordinary 
practice would warrant, and this brings us to what 
is our principal objection to the more elaborate 
formulas given, which is that they are even theo- 
retically defective, in giving far too great propor- 
tional loads for the smaller penetrations, for a rea- 
son well expressed by the author himself: "No for- 
mula caa be accurate which does not, in some way. 
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take cognizance of the condition of the head of the 
pile," The s + l factor does this; the more elabor- 
ate formulas do not do it; the Trautwine 

s 

l^h formula does far too much of it. 

We therefore feel that we are even better justi- 
fied than before in recommending to the profession 
the simple formula 

Safe load = ^ZfTJ 

(in which w =3 weight of hammer in same unit as 
safe load, h =^ fall in feet and s = last penetration 
in inches) as not only the simplest but the safest 
and beat for practice. In so very uncertain a mat- 
ter it is wrong in principle to start from high ulti- 
mates which are certainly unsafe as a unit, and 
allow foolish men to deceive themselves with the 
notion that they are being cautious when they 
divide it by three or four, when they are really 
running great risks. The carnal mind longs for 
this comforting assurance, but the true formula 
for pile-driving is one which is certainly safe in 
any kind of uniform material, leaving the engineer 
to realize that he is running risks (which yet may 
be justified and reduced by caution), if ^in special 
cases he goes beyond it. 



TEtE COST OF PILE DMVINO. 

(From Engineering Newg of Dec. 14, 1889.) 

Prom Prof. Ira O. Baker's treatise on Masonry 
Construction, we extract, by permission of the 
author, the following data as to the cost of driv^ 
ing piles under different conditions. It will be 
noted that the figures are taken from actual prac* 
tice of recent date; and therefore may be taken 
as reliable guides in making up estimates. 

Cost of Piles. — ^At Chicago and other points on 
the Mississippi above St. Louis, pine piles cost from 
10 to 15 cts. per lin. ft. according to length and 
location. Soft-wood piles, including rock elm, can 
be had in almost any locality for 8 to 10 cts. per 
ft. Oak piles 20 to 30 ft. long cost from 10 to 12 
cts. per ft. ; 30 to 40 ft. long, from 12 to 14 cts. 
per ft.; 40 to 60 ft. long, from 20 to 30 cts. per ft. 

Cost of Pile Driving. — There are many items that 
affect the cost of work which cannot be included 
in a brief summary, but which must not be for- 
gotten in using such data in making estimates. 

Below is the cost for a number of classes of 
work: 

Railroad Construction.— The following table is a 
summary of the cost, to the contractor, of labor 
in driving piles (exclusive of hauling) in the con- 
struction of the Chicago branch of the Atchison, 
Topeka & Santa Fe R. R. The piles were driven, 
ahead of the track, with a horse-power drop-ham- 
mer weighing 2,200 lbs. The average depth driven 
was 13 ft. The table includes the cost of driving 
piles for abutments for Howe truss bridges, and 
for the false work for the erection of the same. 
These two items add considerably to the average 
cost. The contractor received the same price for 
all classes of work. The work was as varied as 
such jobs usually are, piles being driveo in all 

(47) 
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kinds of soil. Owing to the large amount of rail- 
road work in progress in 1887, the cost of material 
and labor was about 10% higher than an average of 
the year before and after. Cost of labor on pile- 
driver: one foreman at $4 per day, six laborers 
at $2, two teams at $3.50; total cost of labor =|i28 
per day. 

Cost of Pile Driving in Railroad Constniction, 

Number of piled inoluded in tbie report 1,400 

Number of lineal feet iooluded in tbis report.. 160,578 

y« verage length of piles 21.8 

Number of days employed in driving 491 

Number of lineal feet driven per day 221.8 

cost of driving per pile $2.53 

CuBt of driving per foot 10.4 cla 

Railroad Repairs.— The following are the data of 

pile driving for repairs to bridges on the Indian 

apolis, Decatur & Springfield R. R. The work 

was done from Dec. 21, 1885, to Jan. 5, 

1886. The piles varied from 12 to 32 ft. in length, 

the average being a little over 21 ft. The average 

distance driven was about 10 ft. The hammer 

weighed 1,650 lbs.; the last fall was 37 ft., and 

the corresponding penetration did not exceed 2 

ins. The hammer was raised by a rope attached 

to the drawbar of a locomotive — comparatively a 

very expensive way. 

TABLE 26. 
Go«t of Piles for firidge He^irs^ 
Item<« of Expense. Total. 

Labor: Loading and unloading 

piles. Todays $16.00 

Bildge gang, driving, 

12 days 153.75 

Engine crew, transpor- 
tation and driving, 13 

days 45.90 

Train crew, transporta- 
tion and driving. ISdys. 71.50 

Supplies : Engine supplies 23 . 49 

Six pile rings and 

two plates 13.29 

Repairs 11.04 

Total expense for driving. . . . $334.95 $1.70 

Material: 4,192 ft. oak piles at 

IScts.... $565.93 

Total cost $900.89 



iirs. 
er Pile. 


Per ft. 

CtB. 


$0.06 


0.4 


0.7H 


3.7 


0.23 


1.1 


0.37 
0.13 


1.6 
0.5 


0.06 
0.05 


0.3 
0.8 


$1.70 


7.9 


$9.68 


13.5 


$4.56 


81.4 
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On the same road, 9 piles, each 20 ft. long, wew 
driven 9 ft. for bumping posts, with a 1,650-lb. 
hammer dropping 17 ft. The hammer was raised 
with an ordinary crab-winch and single line, with 
double crank worked by four men. The cost for 
labor was 8.3 cts. per ft. of pile, and the total ex- 
pense was 21.8 cts. per ft. 

Bridge Construction,— The following table gives 
the cost of labor in driving the piles for the North- 
ern Pacific R. R. bridge over the Red River, at 
Grand Forks, Dak., constrncted in 1887. The soil 
was sand and clay. The penetration under a 
2,250-lb. hammer falling 30 ft. was from 2 to 4 
ins. The foreman received $5 per day, the station- 
ary engineer $3.50, and laborers $2. 

TABLE 27. 
Cost of Labor in Driving Piles in Bridge Constmction. 

Si . b cl . b' 6 

Kind of Lab€(r. |S gg, 'S'o| % B. 

•3 9 55 2 »- b ^ .S 

Preparation and re- ^ H "« *■ ^ 

pair of plant $68.95 fOSM $53..'^0 $87.00 $6100 

Driving. 432.70 25..92 430.50 515.45 505.80 

Sawing and straight- 
ening 78.75 47.50 179.80» 131.90t 

Tot^ cost $580.40 9316.67 $531.50 $432.25 $459.30 

No. of p1I«>8 in the 
structure 224 102 104 181 167 

TotMl No. of ft. re- 
maining in the 
structure 7,238 3,710 7,023 4,639 7,316 

Average length of 
piles remaining in 
the structure 32.3 38.2 38.4 43.8 

Average length of 
pilescutotr 1.1 4.1 6.6 3.7 

Cost per ft. of pile 
remaining in the 
stnictare 8.0 cts. 8.5 cts. 7.6 cts. 9 3 cts. lO.lcts. 

Average cost for driving, per ft., remaining in the struc 
ture = 8.8 cts. 

* Sawed off under 8 ft. of water. 

t Including $70.25 for excavating and bailing in order to 
get at toe sawing. 
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Foundation Piles.— The contract price for the 
foundation piles— white oak— for the railroad 
bridge over the Missouri River, at Sdbley, Mo., was 
22 cts. per ft. for the piles and 28 cts. per ft. for 
driving and sawing off below water. They were 
50 ft. long, and were driven in sand and gravel, 
in a coffer-dam 16 ft. deep, by a drop-hammer 
weighing 3,203 lbs., falling 36 ft. The hammer 
was raised by steam power. 

In the construction of a railroad in southern Wis- 
consin during 1885-87, the contract price — the low- 
est competitive bid — for the piles in place under the 
piers of several large bridges averaged as in the 
following table. The piles were driven in a strong 
current and sawed off under water, hence the com- 
paratively great expense. 

TARLK 28. 

Contract Price of Foundation Piles. 

/-Con tract price per lineal f t.-s 
Material of Kind of For part re- 
Pile, driving. mainfng in For pile heads 

Btxucture. sawed c^ 

Rock Elm.... Ordinary.... iOots. 15 cts. 

Pine " •••• 40 •• 20 

Oak " . 4S *' 26 

Oak Hard 60 " '30 

In 1887 the contract price for piles in the founda- 
tions of bridge piers in the river at Chicago was 
35 cts. per ft. of pile left in the foundation. 
This price covered cost of timber (10 to 15 cts.) 
driving, and cutting off 12 to 14 ft. below the sur- 
face of the wafer, about 17 ft. being left in the 

foundation. , . «. 

The cost of dnvmg and sawmg off may be esti- 
mated about as follows: (17 + 13) ft. of pile at 13 
cts per ft. = $3.90; 17 ft. of pile, left in the struc- 
ture, at 35 cts. per ft. = $5.95, $5.95 
— $3.90 = $2.05 = the cost per pile of driv- 
ing and sawing off, which is equivalent to 
nearly 7 cts. per ft. of total length of pile. In this 
case the waste or loss in the pile heads cut off 
adds considerably to the cost of the piles remain* 



<« 
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ing in the structure. In making estimates this al- 
lowance should uerer be oTerlooked. 

Harbor and River Work.— In the shore-protec- 
tion work at Chicago, done in 1882 by the Illinois 
Central R. R., a crew of 9 men, at a daily expense, 
for labor, of $17.24, averaged 65 piles per 10 hours 
in water 7 ft. deep, the piles being 24 ft. long and 
being driven 14 ft. ' into the sand. The cost for 
labor of handling, sharpening, and driving was a 
little over 26 cts. per pile, or 1.9 cts. per ft. of 
distance driven, or 1.1 cts. per ft. of pile Both 
steam-hammers and water-jets were used, but not 
together. Notice that this is very cheap, owing (1) 
to the use of the jet, (2) to little loss of time in 
inovmg the driver and getting the pile exactly in 
the predetermined place, (3) to the piles not being 
sawed off, and (4) to the still gained by the work- 
men in a long job. 

On tlie Mississippi* River, .;nder the direction of 
the Umtcd States Army engineers, the cost iu 

w i""" «Q ?i ^""'^ ^^^^^S, sharpening, and driv- 
ing, was $3.11 per pile, or 20 cts. per ft. driven. 
The piles were 35 ft. long, the depth of water 
155 ft. and the depth driven 13.6 ft. The water 
jet and drop-hammer were used together. The 
large cost was due, in part at least, to the current. 
which was from 3 to 6 miles per hour ^^^^^'^ 



MR. FOSTER CROWBLL ON PILE DRIVING 

FORMULAS. 
(From Engineering News of Oct. 27, 18^2.) 

In our issue of Dec. 29, 1888, we published an 
article under the head of **Formulas for Safe 
Loads of Bearing Piles," in which we analyzed at 
some length the various existing formulas for pile 
driving and proposed the following formula for gen- 
eral use, as simpler and more trustworthy than any 
of them: 

2 wh 
L = 

8 + 1 

in which L = the SAFE load on the pile in any unit 
of Weight, w = the weight of hammer on the same 
unit, h = the fall of hammer in feet, and s = the 
set of pile under the last blow in inches, deter- 
mined in practice by computing the mean set 
under several of the last blows. 

This formula has since become somewhat widely 
known and used as the '^Engineering News'* 
formula, and it has lately been made the subject 
of a new investigation by Mr. Foster Crowell, in 
a paper before the American Society of Civil Engi- 
neers* of which an abstract follows, in which he 
indorses the formula as on the whole the most 
convenient and reliable of all, but proposes a 
modification of it under which the constant 1 of 
the denominator is divided into three different 
terms, only one of them a constant. An excep- 
tionally full and valuable discussion followed, 
which we also abstract. 

After a short preamble stating the need for more 
general adherence to some recognized standards 
for pile driving, Mr. Crowell continues: 

At tbe outset it may be well to bear in mind that in 
order tp 4l8cus9 tbe subject intelligently, we most keep 

(52) 
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separate the extreme sustaining power of any pile under 
a static load, and the character of the particular use 
or stress to which the pile is to be subjected. W« will 
first consider a series of differing ralues, obtained bj 
several different recognized formulas, for the sustaining 
power of the same pile under exactly the same condi- 
tions; we will then examine those formulas in detail 
and endeavor to select the most satisfactory one as a 
general formula for practical use; and, finally, we will 
study the consistent application of the f&rmula so 
selected, to the varying conditions met with in actual 
practice. 

Rudrlph Hering, M. Am. Soc. C. B., in a very valu- 
able monograph on Bearing Piles,* which cannot be too 
highly recommended as a most useful work of reference, 
has collated and tabulated no fewer than 14 different 
formulas attributed to 10 different authorities, which 
give 14 different values for the extreme sustaining 
power of th*e same pile, driven under precisely similar 
conditions: the values range in a typical case, all the 
way from 96,000 to 600,000 lbs., without taking into con- 
sideration the further differentiation resulting frjm 
varying views as to suitable coeflacients of safety, which 
run anywhere from % to 1-100, so that if we were con- 
sidering the working load for a given pile under ex 
treme conditions, we should find it by one authority 
to be 4,500 lbs.; by another, 16,000; by a third. 4S,000; 
by a fourth, 75,000; by a fifth, 120,000, and so on. It 
is to be remarked that one of the most eminent of 
the authorities gives five different formulas of varying 
theoretical exactitude, two others each give two fo.ms 
to be used in separate cases, which in practice is 
quite difficult, even for an expert, to choose betweuu; 
while none of the authorities attempt, except in the 
most general way, to make any classification of appli- 
cations, but leave that entirely to the individual Judg- 
ment, within very wide margins. This is most perplex- 
ing to those whose need of a working formula is most 
urgent and, in connection with the dlfi^culty of making 
a correct prognosis, naturally tends to produce the 
great disparities in practice which we have noted, and 
which it should be our aim to avoid in order to attain 
to ab8(dute economic security. The list of formulas 

* Jteprlnted later i^ tWs volms^^ 
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best knomi. and whlcb representB praitlcallT all tbe 
Taluable literature od the subject, is as tollom: 

Welsbadi In Are forms. 

SHDdurs one form o[ Wei^bucb. 

Mason one form of Welabauh. 

Trantwlne la two lorius. 

ItaukJne. 

Kondolet. 

It edten barber. 

Brii and Becker In two forma, 

Mi-Alplne. 
Eutfneerlne News. 

Fig. 1 exblblta Ihe deduced values of extreme sua- 
lalning power, aod tbe ordinary aod the mInlmaiD 
toads, refom mended by each authority in the case of a 
typical pile drlrea under ordinary condllloDB. The pur- 
pose of tbls diagram la merely to show yarlatlons iu 



Fig. 1, Showing Diffonng Values by Various Formulas, 
in tho Case of a 2000-Lb. Ram Falling 30 Ft, with 
Sat of .1 Ft (= 1.2 Ins), of Extreme Sustaining 
Power "and Perm'ssiWe loads. 



It is evident from inspection of Fig. 1, that the au- 
thorities, as has already been stated, differ, not only 
as to safe loads, wherein there is reasonably room for 
snch divergence, but also to a very marked extent in 
the theoretical extreme sustaining power. The "factor 
of safety," too, seems to be entitled to the nlcknamo 
once bestowed upon its cousin of the iron bridge. Bat 
if we look a little closer at the forms of the formulas 
we shall see why such variations occur, and may per- 
ceive that if we had taken some other case, with a 
different weight of hammer and different fall, wt 
should have obtained another, but quite different, set 
of variations, and so for every assumed case. 

For our present purpose it will not be necessary 
to review the entire list of formulas, a few being suf- 
ficient for illustration. All the formulas are based, of 
course, upon the mechanical principle of accumolat'oi^ 
of work. 

If regarded as a mere question of dynamics, and if 

we could eliminate the elasticity and compretafesibillty 

of hammer, pile and soil; neglect the consideration of 

their relative weights, and the frictional and other 

resistances to the motion of the hammer; then the 

theoretical resistance, or sustaining power of the pile 

would be found in the simple expression: 

Weight of ram x fall 

Sustaining power = ■ — - — — 

Space through which the hammer 
moves after reaching the pile. 

But we cannot, as a matter of course, treat the matter 
thus simply, for it is in reality a very complex case of 
Impact, wherein the exact application of principles to 
any particular case is well-nigh impossible under or- 
dinary working conditions where the falling ram Is 
used; but which the various authorities have sought to 
meet either with varying degrees of theoretical minu- 
tiae, or by means of working factors sufficiently compre- 
hensive to cover all cases. Some of the formulas tuko 
into consideration the compressibility and weight of 
pile; others neglect one or both. It is easy, therefore. 
to see that they must differ. None regard the com- 
pressibility of the soil as a necessary element In the 
cslculation, nor introduce specific factors of mechnnir-nl 
friction and air resistances as applied to the filVnir 
ram. The proper weight ratio of pile and hammer to 
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secure the best resnlts has received theoretical con- 
slderatloii, but as It would be extremely Inconvenient 
fDd. in fact, impracticable, to select piles of delnite 
weight, it is rightly regarded as a matter to be con- 
sidered generally. The ram should always be at least 
as heavy as the pile: generally, in practice, it is from 
25 to 200% heavier than piles which may be used iu the 
same work. 

It is evident, further, that, however interesting ana 
Involved the theoretical study of this question may be-, 
n working formula should contain only those e.^sentlal 
factors which can be readily obtained with reasonable 
correctness In the case of any pile, and It Is not worrli 
while nor sensible to waste time In refining a result 
beyond the refinement of the data. The frictlonal ar.d 
air resistances can, however, be experimentally rated 
by chronographlc methods once for all in the caso 
of any particular machine. If that refinement be de- 
sirable, and expressed as a decrement for the actual 
fall. The Trautwine formiila, which Is probably used 
more extensively than any other In this country, takes 
no account of compressibility, weight of pile, or directly 
of frictlonal resistance to fall of ram, but considers 
the work done by the ram to vary as the cube root 
of the fall. While there Is Justification for ihls 
assumption in dealing with average falls, based upon 
Increased air resistance and greater Impact losses, yet 
the allowance would appear to be too great, giving too 
low values for the higher falls, and excessive results 
for very low cues. 

In most situations it is necessary, to treat piles indi- 
vidually in order that all in any group may be givei 
the same measure of stability under varying conditions 
observed In driving, so that It Is essential to apply 
the formula to every pile. On this account the form of 
a working formula Is a matter of great Importance, aT?d 
to Insure rapid and correct results It must be a sim- 
ple expression Involving only such data as can be 
quickly and correctly obtained for each pile, and re- 
quiring the minimum of computation for instantaneous 
application. 

The only data that can be readily obtained are tbe 
weight (w) and the fall (h) of ram. and the penetra- 
tion (s). The weight of the pile and its compressibility 
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caunot be CGuyeniently determined, and are so modilled 
often by considerations of specific gravity and resilienc* 
that they would be of no practical account. In addition 
to that any '•brooming** of the pile-bead acts as a 
cushion, to an extent wliich completely discounts the 
theoretical natural compressibility. The consideration 
of brooming, like other mechanical queatlons which 
present themselves in connection with the art of pile- 
driving, does not properly come within the scope of 
this paper. A very instructive and precise record cf 
the enormous cushioning effects due to this cau9e, as 
ob^rved in a number of piles driven by a Navmyth 
stei^m hammer, is contained in a very valnable paper 
on steam pile-driving, by D. J. Whittemore, PMt 
President Am. Soc. C. E,* 

If the proposition be accepted that we may profitably 
discard all working formulas, excepting those tlint in- 
volve only correct and accessible data, we may select 
from the foregoing list for further comparison the three 
following typical forms, rejecting the others as being 
either unnecessarily refined and unsuitable, or iucon- 
veniently cumbrous. In all three the notation is as 
follows : 

w = weight of ram in pounds. h = height of fall in 
feet, s = penetration under Inst blow, in inches. F =3 
working factor. L = load in pounds. 

1. Welsbach (L e. the form of Weisbach, wherein 
compressibility and weight of pile and elasticity of ram 
are neglected; this is usually known in America as San- 
ders'). 

wh X 12 

L = F ,F= HtoH. 

a 

2. Trautwine (i. e. the form of Trautwine, wherein 
the pile is assumed to "sink appreciably, say, a few 
inches,** under the last blow. lu the later editions of 
this authority, the other form, for smaller penetrations. 
has been dropped and this is made general. See "Traut- 
wine's Engineer's Pocket Book." 1889). 

S + 1 

8. Engineering News. (This name has been given to 



♦ Given elsewhere in this volume* 



A 
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this form to distinguish It, the name of its orisiuator 
not being known to the author; it first appeared m 
Engineering News of Dec. 29, 1889) 

«wh 
Safe load = . 

8 + 1 

It will be noted that Nos. 1 and 3 are aUke in the 
respect that each gives similar results for equal ram- 
energies, expressed in foot-pounds, irrespective of the 
fall, whereas No. 2 introduces a theoretically Illogical 
variation In this product, which, together with the 
practical inconvenience of using the cube root in rapid 
application, without any gain in accuracy, would give 
preference, as far as form alone goes, to either No. 1 
or No. 3 as a working formula. 

In order to compare readily the results obtained under 
a variety of conditions. Fig. 2 has been prepared, ex- 
hibiting the respective values of safe statio loads as 
given by the three formulas, in four cases of varying 
height c^ fall, with penetrations ranging from ^ in. 
to 3 ins. under constant weight of ram. "Were it not 
for the presence of the cube root in the Trautwine 
formula, one case Instead of four would have been suf- 
ficient for comparing the three formulas. It is inter- 
esting to trace the effect of this factor through the 
successive plottings and to note that it is by no means 
inconsiderable, even within the comparatively limited 
range of fall. 

The distinctive curves are plotted to abscissas of 
penetration in inches (value of s) and ordinates of 
working loads (values of L). As the Trautwine formula 
in its earlier form contained a somewhat higher coefll- 
cient and a maximum factor of Vi instead of %, two 
Trautwine cui*ves are necessary to make the compari- 
son comprehensive, the more modern form giving the 
lower values. In order to show graphically the effect of 
me constant "c" in the Engineering News formula and 
to prepare for reference further on to a suggested mod- 

iT«^!!#^i,^^ *^** formula, the curve, shown by the fuU 
line of the equation 

w X 2h 

Li = 



8 + (0 = 0.3) 
has been intr^wi,, ^ 

"troauced. In the Welsbach-Sanders formula 



FIG. 2. SHOWING OIFPERING VALUES BY VARIOUS FOR- 
MULAS IN FOUR CASES WITH VARYING FALL AND 
VARYING PENETRAnON UNDER CONSTANT 
WEIGHT OF RAM. 



P is UkeB at %, sod in all four cases w is taken at 
2,000 lbs., h bein^ 15. 20. 25 and 30 ft., respectively. 
Valoes of L are gfren to pounds, to the nearest tHonsaad. 

It is harAy necessaiy to mentfon that tliese cures 
are merely i;rapbic representations iiartn^ no generic 
▼aine. Bat their comparison is instmctire and we are 
strode bj two practical considerations: first, tltat where 
the ralnes of s are from H ixi* to 1 in., there is a 
closer approach to nniformltj in the formnlas than 
when 8 is either greater or less; second, the Bngineering 
News* fonctions with constant (c = 1) gives values more 
and more conservative, comparativelj. as the values of 
s become smaller, whereas the cnrve with c taken at 
0.3, while growing conservative as s becomes greater, 
maintains more nearly an average of the other two 
where a is smaller. The first observation implies that 
the exi)eriments preceding the adoption of all three 
formulas were conducted within a comparatively nar- 
row range of falls: while the second points to the use 
ot the lower value of c as being more logical, for it 
win be admitted that, other things being the same, 
the smaller the penetration, the greater the expectation 
of stability of the support to the pile, as well as the 
initial sustaining power of the pile itself. Proceeding 
a step further we find that the c curves converge in 
the direction of greater penetration, but preserve their 
conservative quality; whereas, in the opposite direction 
the Sanders curve gradually passes entirely out of tlie 
field of practicability. The condusion seems to be 
warranted, therefore, that with a suitable value for 
C the Engineering News* formula is more reliable and 
rather more convenient In practical use than Traut- 
wine*8, and equally as convenient and more conservative 
than the Welsbach-Sanders. It is to be borne in mind 
that within the range of moderate penetration (2 in-«. 
or less) ample experience has demonstrated that for 
ordinary conditions any one of the three gives safe 
results. 

In the discussion of the third division of our subject, 
the consistent application of the formula to varying 
conditions, the value of c will be considered. 

We have seen that the form of formula No. 3, 

2wh 
L — is the simplest, and that its results are re- 

8 + C 
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liable and consenratiTe. If, then, it is found to be 
applicable to all cases without change of form, and. In 
addition, to be readily adaptable to classification. It 
will be suitable as a basis of uniform practice and also 
as a means hereafter of increasing our practical knowl- 
edge of the efficiency of bearing piles, by accumulating 
comparable results. The writer offers, as the only fea- 
ture in this paper for which originality is claimed, a 
development of the formula which lends itself In a very 
elajstic and consistent manner to the desirable end. It 
consists simply In making c a tangible variable for 
natural conditions, and a selective vadable within lim- 
its a<;cordiBg to the requirements of the case. In order 
to make this perfectly clear we should consider that 
there are three general cases in which modification may 
be necessary: 

1. Where the load is static and known, but the nat- 
ural support for the plies is insecure or doubtful. 

2. Where the support is reliable, but the load is dy- 
namic. 

3. Where the support is not reliable and the load is 
dynamic. 

In the first case, the variation can generally, though 
not always, be gaged by the resistance of the material 
into which the pile is driven, under what may be 
termed a standard blow. The writer considers that a 
2,000-lb. ram falling 20 ft., or an equivalent product of 
40,000 ft. lbs. on a 12-in. pile, constitutes a convenient 
standard for this purpose, and when the standard blow, 
or a series of such blows, is delivered on any pile, the 
observed penetration should in a majority of cases af- 
ford a tangible measure of the security of the stratum. 
If, then, we substitute for the constant value of c a 
series of values based on the above considerations, we 
can readily determine with practical correctness how to 
deal with pile-beds of various degrees of firmness. 

The rule adopted by the author is to make c (for static 
loads) = .1 + n wherein .1 is an arbitrary constant, in- 
troduced to prevent exaggerated values of L with very 
small values of s, and n is made equal in the case of 
each pile to half the square root of the maximum pene- 
tration of the pile under a blow of 40,000 ft. -lbs. or 
more. 

Table 1 gives corresponding values of n for different 
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penetnttons. and sbows that within tlie extremes of 
penetratkMi of aboat 1-6 In. to 3 ins. nnder tbe standard 
l»low the rallies of c Tary from .3 to 1. tliese being the 
Taloes for tlie two curres oi this formula in Fig. 2, 
which we hare considered. 
In the second case tbe sdeetiye rariable shonld be 

TABLB 1. 

A General POe-Driring Formnla. 

For Static Loads: 

2wh 

L = the working load = ; w is weight of ram; 

8 + .1 + n 
h is Tirtnal fall in feet; s is set in inches mider last 
blow. 

For Dynamic or Tibratoiy Loads: 
2wh 

L = . 

s + .l+n + n' 
n is a function of the observed penetratiim, s\ in 
inches, under a standard blow of «),000 foot pounds 
n' is an arbitrary variable which is dependent upon 
the character of the pile duty. 

^ — ^Values of n. — ^ 

_ — Values of n' according to duty, 
n — T 8 classifioatlon. 

8'. 2 n'. Classification. 

% inches. .175 .1 Large buildings to contain light 

machinery in motion. 
14 ** .250 .2 Long span bridge abutments for 

railways. 
^ ** .354 .3 Long span bridge abutments for 

highways. 
% *' .433 .4 Buildings to contain heavy ma- 

chinery in motion. 

1 " .500 .45 Short span bridge abutments for 

trestles for railways. 
1^ " .559 .5 Short span bridge abutments for 

highways. 
1% " .613 .55 Buildings subject to extraneous 

vibration. 
1% " .662 .6 Foundations for machinerv. 

2 " .707 .7 Elevator towers in ordinary 

cases. 
2»4 ** •750 .75 Bridge piers exposed to current 

vibration. 
2% " .791 .8 Light houses exi>o8ed to ordinary 

wave action. 
2% " .830 .9 Foundations for turn-tables. 

3 " .866 .95 " " pivot bHdges. 
ZM " .900 1. Chimney stacks exposed to 

winds. 
.936 
.965 
1. 
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used, and here the engineer must be guided by his ex- 
perience or the expeilence of others as to the value of 
n' to be selected; this will be further considered. 

In the third case both the tangible and selectlye vari- 
ables of n and n' must be introduced. 

The extreme case in which this formula should be 

used under the most favorable circumstances, is for a 

penetration of ^ in., as it is difficult to measure smaller 

penetrations with sufficient accuracy. The maximum 

value of L, therefore, (using c == .275, as given in the 

table), for s = + would be 

2 wh 

L = = 7.3 wh, 

.275 

which as h is expressed in feet and s in inches, gives 

a working factor still of 12 -h 73 = 1.7. But we should 

attach little value to small sets, which must always 

be viewed with suspicion, ani often, moreover, indicate 

results beyond the cnishing strength of the pile. 

This table applies solely to bearing piles; the results 
are to be taken only when found not to exceed safety 
as against fibre-crushing, or as against buckling in cases 
wherein the pile acts, wholly or in part, as a column. 

In thip consideration the author has purposely con- 
fined himself to piles proper and has not extended it to 
pillars or columns, which they sometimes become when 
driven through a soft stratum to an unyielding bottom, 
or into a denser lower stratum. In all such cases great 
care and discrimination is necessary as to what extent 
results given by the pile formulas can be used, and 
also as to the limitation of driving. These formulas 
are only for determining the efficiency of piles to distrib- 
ute, throughout^ the stratum, loads which its surface 
cannot sustain. It Is quite possible to overload the 
stratum by driving piles too thickly; it is sometimes 
thought that if three piles, for instance, are good in a 
certain area, six will "make assurance doubly sure;** 
this policy is not only costly and foolish, but in many 
cases it is dangerous. A certain public building in New 
Orleans, of which the author has heard, stands on an 
enormous number of square piles driven so as to touch 
one another; in other words, there is a solid wall of 
wood, and instead of each pile having four surfaces in 
contact with the sustaining stratum, only the outer 
njws Iw^ve contact, an4 they but oa two surfaces; there 
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are, therefore, from four to six times too many pllea 
used and the support Is still much less than could have 
been obtained. 

There seems to be objection In many quarters to 
plies for foundations of buildings, which is not war- 
ranted in the light of their record in engineering struc- 
tures, and which greater care and closer economy in 
their use should dispel. As a rule, in the author's 
Judgment, their sustaining powers are greatly under- 
rated, and too much importance is attached to small 
"sets.** He has before him the specifications for a 
large structure to rest on piles, which require that "all 
plies shall be driven to a half-inch set from a 2,.')00-lb. 
hammer falling 25 ft.,** and the plans are drawn with 
the idea that that degree of firmness in each pile can 
and will be secured. Possibly experimental driving has 
already determined that the expected conditions will 
be found, but It is more than likely that in driving 
the piles, either considerable latitude will be taken or 
an excess of length will be used. Sometimes in the 
search for firm bottom, successive tiers of piles have 
been driven, one presumably on top of the other, to 
great depths; wliereas, if an equal number of piles, or, 
better still, if a smaller number, but of larger diam- 
eter, had been driven in one tier, much greater ac- 
tual stability would have been secured with greater 
economy. 

The author then closes his paper with a short 
discussion of the effect of the "selective values of 
n' " which is more clearly shown, we think, by the 
table which follows in Mr. Wellington's discussion. 

The discussion of Mr. Croweil's paper was opened 
by Mr. A. M. Wellington, as follows: 

As the author of the formula which Mr. Crowell 
has been good enough to select as on the whole the 
most convenient, perhaps I ought to open this dis- 
cussion; but\I must do so more briefly than I should 
wish, in order to cover duly all points to be con- 
sidered, as what I have to say would perhaps be more 
appropriate In the form of a separate paper than m 
the form of a discussion. 

I should premise that in any formula In regard to 
pile-4rlviQg, it mu9t be assumed that ttie plies are 
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driven under rational conditions, so that they are 
neither so heavily stmck and so neglected in respect 
to sawing oflf broomed heads as to be battered and 
broomed unreasonably at the time the last few blows 
are given, nor so lightly struck that the blow does no 
work. It must always be assumed, too, that the pile 
has been sinking with reasonable regu'arity undiT the 
last few blows, and that the behavior of tlie pile when 
driving, and of the other piles around It, has been 
such as to give reasonable assurance that the apparent 
onlforniity of set is not deceptive, 1. e., that the pile is 
not really on the point of breaking through a thin crust 
into a semi-fluid substratum, or anything of that klud. 
DifBeulties of that kind must be guarded against ly 
the Judgment and experience of the eugineor, or not at 
all. Formulas cannot nttempt to provide for them, but, 
fortunately, they are the exception. 

The formula to which Mr. Crowell gives the prefer- 
ence was originally puMIshcd in Engineering News of 
Dec. 29, 18S8, in connection with an extensive dis- 
cussion of the whole subject, and In comparison witJi 
IG other formulas. It was there given In the form 

, 2wh 

^ = 8-Tl 

In which L = "the safe working load for piles under 
all ordinary conditions, to be reduced under exceptional 
conditions (as notably with irregular penetrations), but 
never exceeded unless the pile is known to rest on 
rock and act as a column"; w = the weight of the 
hammer In pounds; h = the lieiglit of fall in feet, and 
s = penetration under the last blow in inchos, "assumed 
to be sensible, and at an approximately uniform rate.** 

This formula was put forward as a purely empirical 
one, and its usefulness established on'y by comparing 
Its results with known instances of resistance, and 
with the indications of other formulas, but, as a matter 
of fact, it was not purely empliical by any means; 
on the contrary, the general form 

T twu 

Li — ; — 

8 -f C 

was f rst deduced as the correct form for a theoreti- 
cally perfect equation of the bearing power of piles, 
barring some trifling and negligible elements to be 
pott'J; and I claim In regard to that general form 
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that it iiKdndes in proper relation to each other ereiy 
c<mstant which ought to enter into such a theoreticallj 
perfect practical formula, and that it cannot be modi- 
fled by making it more complex, as Mr. Crow^U pro- 
poses, or by making it less complex, without making it 
less correct and trustworthy as well as less convenient 
The numerous formulas by such high authorities as 
Weisbach, Rankine. Sanders, Nystrom and many 
others, which contain from four to six other con* 
stants or variables, and have much more complex 
forms, I claim to be not only practically unsuitable, and 
for the most part, untrustworthy, but theoretically 
erroneous; not, of course, in their mathematicnl 
work« which I should not venture to question, but In 
their practical premises. This position I shall not now at- 
tempt to establish affirmatively, othervdse than by 
summarizing the process by which my own formula wms 
deduced, which I believe to leave no gaps or^en for 
correction by more minute work. An error of judgment 
which has unnecessarily and greatly complicated many 
of the formulas is dealing with the energy of the blow 
in terms of weight multiplied by velocity, instead of 
foot-pounds of work. 

In any case of pile-driving by blows, the work done 
Is represented by the product of weight of hammer 
multiplied by height of fall=»wh. There is a smill 
loss from air resistance and friction in the guides, but 
this is infinitesimal with vertical guides, and is uni- 
versally neglected. Mr. Crowell suggests determining 
this loss by chronograph observations, but it would b » 
a waste of time. Even with a 30-ft. fall the striking 
velocity is only 30.1 miles per hour; the mean ar 
resistance to the hammer is two to four lbs., and the 
loss therefrom merely equivalent to so much off t e 
weight of the hammer, or about 1 part In 1,000. As 
for friction, that is always a function of pressure, 
and though the hammer itself is heavy, It can never 
press with much force against the vertical guides, 
which it loosely fits, if all is in good order. Even if 
the guides are not quite vertical, the loss must be 
small, except in some rare cases when the guides are 
purposely set much inclined in order to drive inclined 
piles. Such cases are exceptions not now con idered 
for which a proper special allowance can be made by 
the engineer. 
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Atl thoso ft^ot-pounds of energy, wh. then, ban-ing *hU 
•niiversally aiul justly neglected fractional loss, are ex- 
pended somehow during the set s of the pile, so that the 
mean resistance In pounds to the hammer during tliat 

set Is expressed by 

8 

If h be In feet, however, and s In inches, th's 
formula takes the form 

12wh 



Now, the energy of the blow may be absorbed In 
any or all of these five ways, which we will severally 
consider ; 

1. In brooming and mashing the pile, either (a) vis- 
ibly on the head, or (b) invisibly at the foot of the pile, 
or even in its middle, which latter is far from uncom- 
mon. 

2. In bouncing, and thus striking two or more light 
blows instead of one heavy one. 

3. In compressing elastically the material of the pile 
and hammer. 

4. In overcoming the Inertia of the pile and the static 
grip of the earth upon It. 

5. In causing the pile to penetrate against the sur- 
rounding earth's resistance. 

1 (a). Brooming of the head is an enormous source of 
loss of work, whenever it occurs, both directly and In 
cushioning the blow. Some such brooming almost al- 
ways occurs. The recognized remedy against this, how- 
ever, and an entirely efiftctive one, is to saw off the 
broomed part, and give a fresh solid surface for the 
blow, when the pile Is nmrly home. Don J. Whitte- 
more, M. Am. Sec. C. B., contributed a paper to this 
Society some years ago, giving the results of some most 
-aluable observations on this head, which should be 
studied in this connection. 

1 (b). Brooming at the foot does not diminish the en- 
ergy of the blow on the pile, but merely dissipates It 
unproductively. It can generally, but not always, be 
detected by the skilled pile-driver by a change in the 
behavior of thi hammer and pile. No formula does or 
ran provide against it. The judgment of the engineer 
and his assistants must be relied on to detect its prob- 
able or actual occurrence, and to act accordingly by 



fctopping the pile-driving after brooming has begun. 
If all these precautions be taken, brooming wUl not occur 
to any injurious extent to any considerable number of 
piles. Therefore, no formula does or can make any allow- 
ance for Its effects other than in the usual coefficient 

of safety* 

2 Bouncing inyarlably means that all the energy of 
the blow cannot be utilized in work, either because the 
pile has struck a solid obstacle to further penetration, 
which is soon detected, or because the hammer is too 
light or its striking velocity too great, or both, to gei 
the pUe in motion before it reacts elastlcally with more 
force than the hammer Is exerting to push It down, in 
many cases the remedy Indicated is a heavier hammer 
In all cases the height of the bounce, and considerably 
more, represents so much absolutely wasted energy, 
which goes to increase the brooming but not to Increase 
the penetrating force, because the energy escapes again 
from the pile before the latter begins to move. The 
judicious pile-driver, therefore, will and does cut down 
the fall at once, when he finds that bouncing occurs to 
any extent, and usually accomplishes far more with 
the lighter fall by so doing. A slight bounce at the end 
of every blow, as we shall see, is an Invariable and 
necessary accompaniment of all good pile-driving. 

3. Elastic compression within the limits of elasticity 
is not a source of loss except to a trifling extent, de- 
terminable as follows: it is necessarily greatest at 
the instant after impact. As the pile gets under way, 
the elastic compression necessary to transmit from the 
hammer through the pile a pressure sufficient to cause 
the pile to penetrate diminishes, but so long as til 
hammer and the pile together are moving downward 
this decrease and resulting elastic expansion all takes 
effect to cause the foot of the pile to move a little 
faster than the head and the hammer above It. After 
the energy of the blow Is so spent that the pile can pen- 
etrate no further, the remnant of elastic compression 
in the pile can only expend itself upward, and It then 
causes a slight bounce of the hammer. Except that 
the speed of expansion is not quite quick enough It 
would, we may well believe, cause a considerable 
bounce, as It does In any case at times. 

This last remnant of energy Is wasted, but it also 
Is small and negliglbU, except In enforcing the neces- 
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sity of a coefficient of safety. None of the fonnulas 
which nominally take into account the elasticity of 
hammer and pile really allow for it in this way. There- 
fore, except for the proviso hereinbefore considered, all 
that we need to take into account in seeking to de- 
termine some measure of the bearing power of piles, 
is the work done in actually moving the pile. (litems 4 
and 5 above.) This I have dealt with as follows: 

Let the ordinate os (Fig. 1) = the penetration of any 
given pile under a blow, and let the rectangle os CB = 
wh = the energy in foot-pounds of that blow. Then will 
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the abscissa sG = the mean resistance of the pile during 
its set. In what manner is that resistance actually dis- 
tributed, and what part of it bears the nearest relation 
to the future bearing power of the pile? 

So far as the Inertia of the pile is concerned, that 
does not enter into the problem, except as affecting the 
elastic compression of the pile, which we have already 
considered. The energy absorbed in acquiring velocity 
is given out again in surrendering it, and the mean re- 
sult is the same. What we are after only is the ex- 
ternal resistance to the motion of tlie pile. 

In Its absolute amount, this is as variable as the earth 
itself. But reasoning from the general laws of fric- 
tion and the known nature of eartb, these general con- 



dltloDB must obtain: at the instant after impa<^ there 
must be a yery large excess of external resistance, oD 
(Fig. 1), due to two permanent causes: (1) the excess 
in the coefficient of static friction or of friction at very 
low yelocities over that at relatively high velocities, 
and (2), the settling of the earth around and into the 
irregularities of the pile, in the interval since the last 
blow. This last, in fact, may be considered as a gen- 
eral phenomenon, which occurs, in some degree, with 
all surfaces in frictional contact, so that (2) is only a 
part of (1). 

Under the general laws of friction between such sub- 
stances, as I understand them, this heavy excess of 
initial friction, oD (Fig. 1), will rapidly, but not in- 
stantaneously, decrease to some point E. where it will 
have a much reduced value, s'c', which thereafter will 
remain sensibly constant during the remainder of the 
set. In this case, we have the Irregular figure of 
oDEFs, whose area must =wh. 

The nearest measure of the fiiture bearing power of 
the pile, obviously, will be the comparatively uniform 
frictional resistance to penetration, sF (Fig. 1), after the 
initial excessive resistance has been overcome ; because, 
in large part, this excess is due to the suddenness with 
which the blow acts on the pile, and a gentler un- 
ceasing pressure of much less force in pounds may over- 
come it; besides which, tremors, seepage of water, 
yielding of surrounding soil, and other like causes may 
overcome it. Tbe same causes may partially overcome 
the smaller constant resistance sF, but' that possibility 
we allow for in the coefllcient of safety. All that is 
claimed is, that this force, sF, comes the nearest to a 
true measure of future bearing power of all possible 
constants. 

To determine sF in terms of non-variables, we must 
construct a rectangle os'C'B' whose area = oDEFs =» 
osFB' + DB'B = wh, which I do as follows: 

I assume that the decreasing excess resistance out- 
lined by the line ED, and whose value in foot-pounds 
is expressed by the irregular area B'BD. is confined 
within the first inch of penetration (i. e., that B'E == 
1), and that the initial excess B'D = 3oB' = 3sF. The 
selection of these particular constants instead of others 
a little higher or lower is pure assumption, in the 
sense that we can never know experimentally, or, at 
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least, do not now know Jnst bow this is. Bnt It Is 
based on extensive observations of the behavior of piles 
in driving and on many years' experiment and study as 
to the i?eneral laws of friction, as embodied In part in 
my paper on that subject (Transactions Am. Soc. C. B., 
1884, Vol. XVIII, p. 409), where the diagram of actual 
observations on page 420 will be found to bear a strik- 
ing resemblance to Fig. 1 of this discussion. I have no 
doubt that the above assumptions are essentially ac- 
curate and suitable, especially as considerable modifica- 
tions thereof do not essentially modify results. That 
the general nature of the distribution of force is cor- 
rectly outlined in Fig. 1, does not in my Judgment admit 
of doubt. 
Under these two assumptions we have geometrically, 

Triangle B' KD = ^ h' DxWE 
= H(oB' X3) X I 
= 1^ oii'. 

But, furthermore, the Irregular area B'ED is geometri- 
cally equal to abo^t two-thirds of triangle B'BD, 
whence 

Irregular area B' ED = oB' X 1. 

Then, in order to determine the value of the abscissa 
oB' -- sF = s'c', we must add to the rectangle oF au 
area = oB' x 1, which we do by making ss' — 1 and 
s'c' = oB', whence we have, letting oB' = R = the as- 
sumed maximum bearing power of the pile— 

wh =.R X (s + 1) ; 
whence we have 

^ wh 

or, if h be in feet and s In inches, as usual, 

This was and is my formula for the probable ultimate 
bearing power of piles. Barring the petty exceptions 
noted above, I believe It to be incapable of further re- 
finement and amplification in any way in order to ex- 
press more accurately the probable ultimate bearing 
power; and I believe it to be especially unwarranted 
and injurious to tamper with the constant 1, as Mr. 
Crowell proposes, in order to allow for future condi- 
tions of tile pile, in respect to tremors, or in respect *o 
llie importance of stability. That consteint h^s no r<?- 
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lation to such allowances, any more than the variables 
w, s or h. The proper way to allow for these future 
<llfferciices of conditions, and the only proper way, is 
by varying the coefficient of safety. 

For myself, I assumed the factor 6 as the coefficient 
of safety, giving to the formula the form 

^-s-qri 

In which S = the safe load In the pile = 1-6 the prob- 
able ultimate. I assume 6 as a factor of safety, rather 
than 4 or 5, simply because I found 6 to give as big 
load.** as are customary, or as are in m^ny cases safe. 
I do not question that In many cases a factor of 2, 3, 4 
or 5, or even 1, might also prove safe. In some cases 
they have done so, but in other cases they have not; 
whereas I have as yet discovered no cases where the 
factor 6 had proved insufficient, either experimentally 
or in service. As the factor 6, moreover, will in no 
case require piles to be driven closer together than is 
customary and reasonable, I should advise in all cases 
adhering to it, unless under some very exceptional cir- 
cumstances, where the engineer may see that he has 
special cause and justification for taking more chances. 
He can be reasonably sure that his pile will do its allot- 
ted work safely with a factor of 6, but not with a 
smaller factor— that is all. 

Apart altogether from the special reasons so far ad- 
vanced, it is wrong in principle to tamper with the 
constant 1 and make it a variable, in order to vary the 
factoi* of safety to suit future conditions, as Mr. Crow- 
ell proposes. That constant is a part of the denominator 
of a fraction. For well-understood mathematical rea- 
sons, if it is desired to increase the value of a fraction 
by 10, 20, 50, 100 or any other per cent., which is what 
Mr. Crowell is aiming at, it is impossible to do so in 
any simple way, by modifying the denominator. It 
should be done by a factor modifying the fraction as a 
whole, i, e., multiplying the numerator. When, as In 
this case, the denominator consists of two terms, any 
attempt to vary the value of the fraction to suit any 
desired coefficient of safety, by varying only one of the 
terms of the denominator, is particularly objectionable. 

A further reason why the constant 1 should not be 
tampered with, is that, as it happens, in the extreme 
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case when 8 = 0, i. e., when the pile has struck solid 
ground and can penetrate no further, the formulas re- 
duce to the form R = 12wh, and S = 2wh, which hap- 
pen to be just about what the pile can safely carry as 
a column, as ultimate or safe loads, under ordinary and 
probable values of w and h, whether regarded as a 
short column with Its bearing power limited only by 
the crushing strength of the wood, or as a long column 
liable to flexure. Therefore, it becomes unnecessary 
to consider the special case of the pile acting as a col- 
umn. The formula Is general for all conditions. When 
the constant 1 is reduced to considerably less than 1, 
as Mr. Crowell proposes, the apparent safe loads be- 
come excessive, and considerably more than the crush- 
ing strength of the pile itself. As it is only in these 
cases that Mr. Crowell' s proposed modifications give 
materially different loads from the original simple form 
of the formula, it will be seen that the added com- 
plexity is not only without advantage, but distinctly 
injurious. 

To prove this fact I have computed the following 
table, which sufficiently explains itself. The last three 
columns give the ratio of the safe load, indicated by 
three cases of Mr. Crowell' s modified formula in com- 
parison with my original simple form. The table may 
be divided horizontally into two main parts, that for 
penetration of less than 1 inch and of over 1 inch. 

Relative Safe Load Indicated by Original Engineering 
News Formula, and the Same as Modified by Mr. 

Crowell. 

Machin'y 

Engineer- Ordinary Railway founda- 

Set S. ingNews. cases. bridges. tloiis. 

None 1.00 3.08 1.87 l.U; 

0% 1.00 2.08 1.56 1.1.H 

0^ 1.00 1.58 1.30 .97 

OV^ 1.00 1.37 1.18 _ .ill 

1 1.00 1.25 1.11 .91 

2 1.00 1.07 .98 .88 

3 1.00 1.08 .96 .88 

4 1.00 .98 .94 .88 

5 1.00 .97 .93 .88 

8 1.00 .95 .93 .88 

7 1.00 .95 .93 .S!» 

8 1.00 .95 .93 .»> 

9 1.00 .94 .93 .89 

10 1.00 .94 .92 .90 

11 X 1.00 .94 .92 .90 

12 1.00 .94 .92 .90 
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Considering the small penetrations first: Mr. Crow- 
ell's modifications hare substantially no effect on piles 
for macliinery foundations, nor on any piles wliere tlie 
penetration is as much as one-half inch. Less penetra- 
tions tlian that are generally bogus, as practical men 
Iluow, and indicate that the pile is brooming and mnsh- 
ing rather than penetrating further. For these cases 
Mr. CroweU's modifications indicate that from one and 
one-half to three times greater loads are safe, but 
this is untrue as a fact, as just stated, for the simple 
reason tliat such loads amount to one-half to three 
times the safe strength of the pile as a column. 

For penetrations above 1 in., Mr. Crowell's formula 
gives almost identical results for "ordinary cases'* in 
a much less simple way; but for railway bridges he 
says, in effect, that my simpler form gives 2 to 8 per 
cent, too great loads, and for machinery foundations 
he says, in effect, that my form gives 10 to 12% too 
great loads. These are small differences to dispute 
over; but I deny the fact that they exist, or that 
there is any evidence to show that they exist, or tend- 
ing to show it. Certainly Mr. Crowell advances no evi- 
dence to show that they do. I thiulc he will be sur- 
prised to find how little effect upon the final result his 
apparently considerable modifications of the original 
simple formula really have. Before proposing them, 
evidence should be advanced to show that the simpler 
formula is really the less trustworthy of the. two in 
some one case, at least; and, assuming that evidence 
to have been produced, the proper way to give it effect 
is to msike the coefilcient 2 of the numerator a variable 
and not the constant 1 of the denominator. 

I must not be understood to take the position that the 
load placed on piles should not be decreased in import- 
ant structures subject to tremor, or that it may not be 
increased for carrying unimportant temporary struc- 
tures. I merely say that any excess or deficit in such 
cases is guessworlc, pure and simple, and therefore 
does not belong in a formula. The way to make such 
changes is to space the piles a little nearer together 
or farther apart than we otherwise would; not to 
"monkey with" our basic formula (which is already as 
exact as theory permits us to make it) by arbitrary 
changes in the general direction of the allowances we 
wish to make. 
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Mr. John C. Trautwine, Jr., after briefly com- 
menting on the inherent difficulty of securing any 
precise formula of general application, presented 
the following discussion, an exceedingly valuable 
feature of which was a big list of actual records 
of the bearing power of piles: 

The weight of ram and the height of fall may Indeed 
be determined with reasonable exactness, and the prod- 
uct of these gives us, no doubt, quite approximately, 
the energy stored in the ram at the instant when It 
comes into contact with the head of the pile; but in es- 
timating how much of this energy is utilized In driving 
the pile, we are obliged to remember that the* mass of 
the pile has yet to be set in motion; that the direction 
of the blow can seldom be more than approximately in 
line with the axis of the pile; that the vibration of the 
pile undor the blow will vary with the length of the 
pile projecting from the ground; that according to cir- 
cumstances this vibration may facilitate or Impede the 
driving, and that to an unknown extent; that the pile, 
even at its best estate, is more or less compressible, 
and that the head must become more or less crippled 
by the blows delivered upon it, thus further increasing 
and rendering still more uncertain the amount of the 
useless consumption of energy in the delivery of the 
blow. 

But perhaps the most serious difficulty is encountered 
when we come to deduce the supporting power from the 
estimated effective energy of the blow, dividing the 
latter by a quantity containing the penetration or set 
per blow, as is done in all the formulas embraced in 
the present discussion. As observed by Mr. Rudolph 
Hering,* "the only method which can be depended on 
in calculating the sustaining power of piles held by 
friction, is the experimental one which introduces the 
actual distance (s) which a pile sinks under the last 
blow.'* And yet this very factor, the absence of which 
would render these formulas irrational and without 
which they would fall to the ground, constitutes at 
the same time, perhaps, their weakest point, especiallj 
in formulas which, like Major Sanders', have not a 



* Given elsewhere in this volume. 
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second additive quantity in the diTisor. The penetra- 
tion, as compared witli tlie height of fall of the ram, 
is in most cases very small. The circumstauces of 
actual practice seldom permit an accurate measure- 
ment, even of the apparent penetration, which again 
is always complicated to a considerable and uncertain 
extent by the compressibility of the pile and of the 
soil, and by the brooming of the head of the pile. And 
yet a very small error in the measurement or estima- 
tion of the penetration evidently causes a wide diver- 
gence in the results given by any formula in which this 
factor performs a prominent part. 

Finally, we are almost entirely without experimental 
knowledge of the subject. All of the results I have 
been able to obtain in which the ultimate load is given 
or from which it may be inferred, are embraced in 
the handful mentioned below, and some of these (as 
explained in place) are of an exceedingly doubtful char- 
acter. 

But, the uncertainties of the case do not cease with 
the driving of the pile. Vibrations due to the load itself 
or to those upon neighboring structures, the lubricating 
effect of infiltrating streams of water, the reduction of 
pressure by the dredging away of material from adjoin- 
ing works; these, and perhaps other causes, may oper- 
ate to reduce the frictional resistance of the pile. 

The author has earned the thanks of the profession 
by endeavoring to reduce the element of uncertainty at- 
tending pile-driving operations. He has done this by 
selecting that one of the existing formulas 



(-=a^) 



which most commends itself to him by its simplicity 
and by its conformity to known principles, and has 
modified it by changing its divisor (s + 1), substituting 
first the expression s + 0.3, and finally the expression 
s -I- 0.1 + n -I- n', in which n = half the square root of 
the penetrations under a standard blow of 40,000 ft.- 
lbs., and n' serves the purpose of an additional factor 
of safety and varies from 0.1 to 1 according to the duty 
to be performed by the structure. 
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The five formulas discussed by Mr. Crowell may be 

written thus:* 

Pwh 
Sanders:** L = I *«» 

8 

Wellington: L = k -^7l*** 

8 -f- l 

CrowelUa): L = i J^_«'.» 

Crowell (b): L = J , . ,, , — — t 



8 + 0.1 + J / 40,(KjO . , 



Trautwine: L = (J to A) ^^ ^^ 

8 + 1 

in which, as in Mr. Crowell's paper, 

L = the safe load on one pile;* 

w = the weight of the ram;* 

h = the height of the fall in feet;*** 

s = the penetration per blow under the final blows, 

in inches ;♦*♦ 
n' = a term varying from 0.1 to 1. 

As thus written, the numerical fractional coefllcient 
is the factor of safety, and the other factor 13 the ex- 
treme load R on one pil^. 

It will be noticed that there is a certain similarity of 
form existing between all of these formulas. All have 
in the numerator the product of the weight w of the 
ram by a function of the height h of fall, and In all 
but ours this function is the fall h itself. They thu» 
jigree in deducing, more or less directly, the work done 
from the energy stored in the ram, without making 
any definite provision for the inertia of the pile; re- 
sembling in this the simplest possible rational formula: 

8 

in which R is the resistance (assumed to be constant) 
of the earth to the penetration of the pile; in other 
words, the extreme load of the pile. 

* L and w to be measured in one and the same unit, 
as both in pounds or both in tons. 

** Mr. Crowell ascribes this formula to Welsbach, 
but I do not find it given by that author. It is given 
by Major John Sanders in the "Journal of the Franklin 
Institute," November, 1851, p. 304. 

*** If h and s are taken in one and the same unit, 
as both in feet or both in inches, the number 12 dis- 
appears from the numerator of the first four formulas. 
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Like this very simple formula, also, all of those dis- 
cussed contain in their denominators the penetra- 
tion, s, of the pile under the last blow, or, as it is often 
put, the penetration per blow under the last few blows; 
but, in all except that of Major Sanders, the denomin- 
ator contains a second term to be added to the penetra- 
tion, and in Mr. Wellington's formula and our own 
this added term is simply 1 in. 

Mr. Crowell refers to the use, in our formula, of the 
cube root of the fall as being theoretically illogical and 
practically inconvenient. Inconvenient it certainly is, 
as compared with the use of the fall itself, but I do not 
see that it is "theoretically illogical.'* On the contrary, 
so long as increase of height fall beyond moderate 
limits is found to be attended by increased losses of 
energy, it must be theoretically logical to malse allow- 
ance for them, and the simplest if not the most rational 
way of doing this would seem to be, to represent the 
energy of the blow as varying with some power of the 
Tall lower than the first. 

Other things being equal, a high fall seems to cause 
a greater waste of energy in damaging the pile, and, 
as Mr. Wellington has pointed out, in rebounding of the 
ram, besides allowing a longer time for the material 
around the pile to re-compact itself. 

McAlpine's experience at Brooldyn led him to believe 
that the supporting power of a pile varies as the square 
root of the fall. 

It can readily be shown that the large coeflftcient (50) 
necessitated by our use of the cube root gives excessive 
loads in cases of very low fall, such as may perhaps 
occur at times with the Nasmyth steam-hammer pile- 
driver. Thus, for a fall of only 1 ft., our 50 ^^ 
becomes 50h, and may thus give a load even much 
greater than 

12wh 

(see Fig. 2). For a 2,000-lb. hammer falling 1 ft, and 
producing 1.5 ins. penetration, our rule gives 40,000 
lbs. as the extreme load, whereas the greatest theoret- 
ical extreme load 

]2wh 

« 

8 

is only 16,000 lbs. It may be proper to consider, how- 
ever, that such cases hardly come within the actual 
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probabilities of pilo-driving, and these alone our formula 
was intended to cover. Indeed, I have no doubt it 
WAS constructed by its author as a rule of thumb by 
making it fit such experimental cases as came within 
his observation, and it is safe to assume that noue like 
the one supposed were encountored by him. 

Whatever may be thought of Mr. Wellington's demon- 
stration of the correctness of the additive term 1 in 
tbe divisor of his formula and in that of ourh. tlie 
omission in Sanders' formula of any such term must, I 
think, be regarded as a fatal defect, for it makes that 
formula give excessive loads for very small penetration, 
and infinite loads in cases where no penetration can be 
detected, and this no matter how light the ram or how 
low the fall. This, of course, is theoretically correct. 
A pile which undergoes absolutely no set under a blow 
from a falling feather will theoretically support the 
universe, but a formula which would make it do so in 
practice Is hardly applicable to cases of very small 
penetration. It is but Just to Major Sanders to note 
that in proposing this formula he limits its application 
to cases where the pile "meets such an uniform resist- 
ance as is indicated by slight and nearly equal pen- 
etrations for several successive blows of the ram." 
This rules out cases where the observed penetration is 
0, but still admits those where the penetration is very 
small and where the safe load by the formula is there- 
fore excessively great, as indicated in Fig. 1 herewith. 

It has always been my impression that the "1" in 
the divisor of our formula was simply an empirical term 
used by the author to avoid the difficulty just referred 
to, and that he arrived at its value by trial with re- 
corded cases.* Mr. Wellington's claim that it can be 
shown to be logically correct and a necessary factor 
in any rational formula, was, therefore, an agreeable 
surprise to me, and I have read with much interest 
his argument in the premises. 

But, although I am naturally willing to be persuaded 
of the soundness of this position, I am obliged to con- 

♦ In presenting his formula, he remarked: "Although 
this Is all wretchedly empirical, it certainly appears 
to accord moderately well with such facts as we have 
been able to obtain. liike other rules of this kind, how- 
ever, it should be used with caution; and with a wide 
margin for safety in important cases.", 
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fess that the perusal has not resulted In that firmness 
of conviction which could have been desired. It seems 
perfectly reasonable to assume that there Is, as Mr. 
Wellington claims, an excess of resistance at the be- 
ginning of penetration; but we are not shown how the 
values of B'D and B'E in Mr. Wellington's Fig. 1 
(B'E = 1 in., and B'D = 3.0B') are deduced from his 
observation of the behavior of piles, and from his ex- 
periments and study as to the laws of friction, and in 
the absence of this I am Inclined rather to Indorse his 
admission that the adoption of these values "Is pure 
assumption, in the sense that we can never know ex- 
perimentally, or at least, do not now know, just how 
this is." 

Hence, I cannot join In Mr. Wellington's objection to 
Mr. Cro well's innovation in "tampering with the con- 
stant 1, and making It a variable." On the contrary 
it seems to me altO"'ether probable that this term may, 
in fact, vary greatly (perhaps, as much as from to 2, 
3 or 4 Ins., or even more) with differences In the char- 
acter of the soil and of the pile, or in the weight of 
ram and height of fall, and should, therefore, be made 
to appear as a variable In the fommla. Indeed, if we 
had at command a sufficient assortment of reliable ex- 
perimental data, I think we might be able, by mod- 
ifying this term, to produce a more nearly serviceable 
formula than any yet presented. Mr. Crowell's pro- 
posed innovation, therefore, so far from being an un- 
pardonable sin, seems to me to be an effort in the right 
direction, although a comparison of his results with 
the few experimental data at hand seems to Indicate 
that he has not yet hit upon just the happiest combina- 
tion. 

It appears to me also, in view of "the excess in the 
coefficient of static friction, or of friction at very low 
velocities over that at relatively high velocities," that 
Mr. Wellington's diagram should show an increase of 
resistance toward the end of the penetration, where 
the pile Is being brought to rest, and where, conse- 
quently, the velocity Is rapidly decreasing. This final 
excess of resistance, would, no doubt, be less than the 
initial one (B'ED); but, such as it may be. It would 
seem sufficient to render us cautious in accepting im- 
plicitly an argument based upon the diagram without it. 
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Mr. Growell, in his first suggested modification of 
Mr. Wellington's formula, proposes substituting 0.3 in 
place of 1.0 in the divisor. That this is an unfortunate 
deviation in the direction of Major Sanders' omi^sl n 
of any additive term, is indicated by my Fig. 1, where 
the curve representing this form of Mr. Crowell's formu- 
la is seen to mount very rapidly as the penetration 
becomes less than, say, 1 inch. Mr. Crowell's final 
formula, in which this term becomes 
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suffers even more severely from this defect, for the 
additive term here diminishes with the penetration. 
While we may not unquestioningly accept Mr. Welling- 
ton's argument in behalf of the constant value **1" for 
this term, these considerations certainly indicate that 
it is, at least, safer than Mr. Crowfll's proposed mod- 
ifications. 

I am inclined to question the propriety of allowing 
the factor n to be determined by means of a standard 
blow of 40,000 ft. -lbs., as in Mr. Crowell's formula, 
without restriction as to weight of ram or height of 
fall. It sometimes happens that a pile refuses under 
a light ram with high fall, but moves satisfaotorlly 
with a heavy ram and low fall, and sometimes the re- 
verse of this obtains, perhaps, chiefly in cases where a 
hard and shallow stratum is encountered. 

It will be noticed that in all the formulas, except 
Mr. Crowell's (b) and our own, the value of the factor 
of safety is fixed. In ours "not more than oue-half 
the extreme load" is to be taken "for piles thoroui;hly 
driven in firm soils, nor more than one-sixth when in 
river mud or marsh"; while, if there is liability to 
tremors, only one-fourth and one-twelfth of the ex- 
treme load are to be taken respectively. Mr. Crowell 
has undertaken to provide, in addition to his fixed 
factor of safety of one-sixth, a sliding scale for the 
term n' in the divisor of his formula, whereby that 
term is given a series of fourteen different values, de- 

♦Inasmuch as the term n' of Mr. Crowtirs final formu- 
la serves the purpose of a factor of safety, and varies 
according to an arbitrary scale, with the use to which 
the superstructure is to be put, it should not, 1 think, 
be included here. 
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pendtn^c upon the service for which the superstrncture 
Is to be used and upon the exposure to which it is to 
be subjected. 

In view of the great diversity of the conditions un- 
der which piles are driven and of those under which 
they are subsequently employed, I cannot but think 
it better to have an elastic factor of safety rather 
than one which remains the same whether the super- 
structure is to l>e on the one hand a lumber yard or a 
mausoleum, or, on the other hand, a trestle or a draw- 
span to be used by trains of all descriptions. 

It would appear, therefore, most desirable to provide 
a series of factors for safety, arranged, like Mr. Crow- 
ell's, to suit the various conditions of service; but, until 
the experimental data at our command become vastly 
more numerous and more reliable than they now are, 
any such table must, as already intimated, be taken, 
like the "l'* in the divisors of Mr. Wellington's formula 
and of our own, as a "pure assumption." In the pres- 
ent state of our ignorance, much must be left to the 
jiidgment of the engineer, and he may well be thankful 
if we succeed in concocting a rule of thumb which gives 
results bearing some sort of proportion to the probable 
extreme load, leaving it to him to decide what portion 
of this load he will take his chances with. 

(Comparing, then, the Trautwine formula as it ap- 
peared in the first and later editions, we find that in 
the former we have : Extreme load in pounds => 



60 X weight of r am in pounds X Vfali lu leet 
penetration in inches + I 

with factors of safety from one-half to one-third, and 
that in the later editions the coefficient has become f-0 
and the factor of safety from one-half to one-twelfth. 

Hence, Mr. Crowell's presentation of our for^uulsf 
in his Diagram 2, while correct as far as it goes, is 
not sutficierttly comprehensive to represent our fonniila 
properly, for his upper curve represents It with a co- 
efficient of 60, and a factor of one-half, while the lower 
one represents It with a coefficient of 50 and a factor 
of one-third. A^satisfactory showing would require, ij 
each of his four diagrams, at least four cnrTcs for 
our formulas, viz., two with a coeffl -lent of 60, one of 
them with a factor of one-half, the other with a factor 
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oX Mie-third; and two with a coefflcient of 50, one of 
them with a factor of one-half, and the other with a 
factor of one- twelfth, and I therefore submit here- 
with (Fig. 1) diagrams for his two extreme cases. I. 
and rv. (h = 15 ft. and h = 30 ft., respectively), 
drawn in accordance with this suggestion. 
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In these diagrams I have used lines of the same 
characters as those used by Mr. Growell. to designate 
the Sanders, the Wellington and the Growell (a) formu- 
las, respectively, each of which, allowing no latitude 
as to the coefficient of safety, is properly represented by 
a single curved line, while our formula, in Its two forra.i, 
each with a variable factor of safety, is properly repro 
sented by shaded areas. 

These diagrams show clearly the defect of the S!m- 
ders formula, already referred to, the allowed lead 
rapidly approaching infinity as the observed penetra- 
tion falls below three-fourths and one-half inch, iind 
they also indicate, I think, that Mr. CrowelPs propos* d 
substitution (a), of 0.3 for 1.0 In Mr. Wellington's 
formula, errs In the same direction. 

The resemblance between Mr. Wellington's foimula 
and our own is shown by these diagrams, each of which 
represents a constant height h of fall; Mr. Welling- 
ton's formula falling well within the very wide area 
embraced between the limits of our later form, and 
necessarily partaking of Its character. But lest it 
might be hastily assumed, in view of this, that Mr. 
Wellington's formula was but an imitation of ours^ X 
submit also a second diagram, Fig. 2, in which the 
penetration s (assumed at 1 in.) is supposed to h% 
constant, while the fall h is made to vary. 

Plotted in this way, the formulas of Sanders. Welling- 
ton and Growell (a) are necessarily straight-Une formu- 
las, as is also the theoretical formula. 

™ ^ 1 J 12 wh 
Extreme load = 

8 

which I have added here for comparison; while our 
formula, of course, appears as a curve determined ly 
the presence of the cube root of h In Its divisor. It will 
be seen that with a penetration of 1 in. Mr. Crowell's 
formula (a) gives results almost identical with tho e 
of Major Sand<»rs' formula. This diagram exhibits 
also the fact, already noticed, that our forniu'a, ow- 
ing to its employing the cube root of the fall, gives 
excessive loads for very low falls. 

It is an ominous fact that neither Mr. Herlng. In bis 
pamphlet, already quoted, nor the author, in the pr»' - 
rnt paper, brings forward any re«;ults of experimcn ■ 
In support or in refutation of any of the for^xiulas; 



ominous becnuBG It indlcatetf the dearth of s 
nulla. For yeam I hnve been on the lookout r 
of thiH kind: hut the rpsuli 
lowing tnMe. 1b discoiirflgin): Id thp e: 
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be ^ven, taken from the actuB] behnvlor of pll.a d 
■errloe, under loads of vnrlous elinracter." 

T/heii 011I7 tbe actual aiife load U giren. we me left 
In ilonbt as to how niuoli the pile would safely bear. 
EeH'^e. I have reatiieted my list of results chlelly So 
those which give, or from which we may InfiT. (h' 
utatmate or extreme load which causes settlement oC the 
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pile, and which our author rather unfortunately calls 
"the sustaining power" of the pile. I have omitteJ 
cases where the piles are known to have failed by 
being pushed over laterally by the pressure of ad- 
joining arches, or through similar causes other than the 
vertical pressure of the load upon their heads. 

Mr. Trautwine then jgives many pages of de- 
tailed records of bearing powers, which appear 
in the next succeeding article. The remaining 
discussions contributing new facts to the record 
were as follows, omitting parts of the discussions 
not relating to those facts: 

J. Foster Crowell— In reference to Mr. Trautwlne's 
intimation that In most cases there would not be very 
low falls, I will state that the average stroke of a 
Nasmyth steam hammer In ordinary use would be from 
2^ to 3% ft.; in ordinary circumstances, the weight 
of ram is, say, 5,500 lbs. If we take this weight with 
the full stroke, 40 ins., there would be developed a 
blow of 18,315 nominal ft.-lbs.; now, if we were to 
take a hammer of 2,000 lbs. and divide this value by 
the 2,000 lbs., we would find that we would require 
a fall of 9.16 ft. to produce the same blow, neglecting 
rcFlstances in each case. Now, applying the Traut- 
wine formula Oater form) in the first case, you will 
find we obtain 70,368 lbs. as maximum load, but in the 
second case only 35,838 lbs., or just about one-half; 
that shows that this objection to the cube root is not 
a theoretical objection when the steam hammer Is used, 
and I think those who have occasion to drive mnny 
piles will make more use of the steam hammer in the 
future than In the past. 

G. Bouscaren, M. Am. Soc. C. B.— I think the trouble 
about applying a formula to pile-driving Is that, in doing 
so, we gage the resistance of the soil from the penetra- 
tion of the pile while it Is being driven. It often 
occurs that the resistance of the soil is greater when 
the pile is being driven than it Is after the pile is 
driven, and vice versa. Here are some examples which 
occurred In my practice: 

In driving piles for trestles for railroads throuTh 
nUnois, I had to adopt the rule to stop the pile-driving 
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at the penetration of 1 in. ; the hammer welghe<l from 
1,800 to 2,200 lbs.; the fall was about 25 ft I gen- 
erally fonnd the mle to work very well. 

When I came to bnlld a railroad in Jjouisiana through 
the swamps of Lake Pontchartrain, I found that the 
penetration of a 65-ft. pile under the last blow of a 
2,500-lb. hammer, falling 25 or 30 ft., was from 9 to 
12 Ins. Putting two of these piles, one on top of the 
other, and having a total penetration of 120 ft., the 
penetration under the last blow was still 9 Ins. I 
thought I would see what the penetration wouM be 
if I gave the pile a rest, and I stopped the driving 
about 25 minutes after the pile had gone in about 
40 ft.; the first blow of the hammer, when the driving 
was resumed, gave a penetration of V^ ins. I con- 
cluded In this case not to consider the penetration under 
the last blow, but to use piles from 60 to 70 ft. long. 
About 22 miles of trestle-work were built that way, 
and none of the piles ever settled. 

Here Is a case which Is the opposite: T built a pile 
trestle across what was then called the "SIoug:i,** 
back of Bloody Island, in Bast St. Louis. It was built 
with three pile bents, the penetration there was 
from 2% to 3 Ins., less than one-third of what it 
was In the case of the Lake Pontchartrain trestle. 
and within two weeks after the bridge was opened, w© 
could not get a train over it; it had settled irregularly 
from 1 to 2 ft. That was in 1867, when locomotivis 
were much lighter than they are now. 

It .is often impossible to tell, vrithout actual ex- 
perience, what reliance can be placed on the resistance 
of the soil as evidenced by the penetration of the 
pile. 

O. Wheeler Durham, M. Am. Soc. C. B.— In 1870 I 
was engineer for the Chicago & Northwestern road, lu 
charge of the extension of the line from Madison to the 
Mississippi River, at La Crosse. One part of the line 
crossed a marsh in which there was a stream of per- 
haps 30 or 40 ft. in vridth, requiring about 800 ft. of 
bridging. The piles were ordered 45 ft. in length. 
When we came to drive them, the piles went down to 
within a foot of the surface without a blow of the 
hammer at all, they were simply pushed down by the 
hazamer resting upon them. We saw that these 45-fft. 
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not answer the purpose, ao we stoppt^ 
to gH a new lot of longer piles. I forgot 
exactly tbe cirmmstances wtii<^ caused os to try these 
pQes a second time in a day or two. bat we found 
then that they did not bndge under a fall from the 
foil drop of the hammer; it would not stir them at 
an. So we poshed the balance of those piles down 
in the manh for the 800 fL of distance, capped them 
and built trestle-work upon them, and I suppose they 
are carrying the C3iicaso & Northwestern road to this 
day. 

L. M. Haupt, M. Am. Soc C. E.— I think it might be 
of interest to the members to know how piles were 
driren in this Ticinity eren without a hammer. On the 
Eastern Shore it is the practice in bnUding small 
wharres for the fruit trade and light-draft steamers, to 
take the trees of the neighboring forests, and. after 
erecting a temporary staging with a projecting cantt* 
lerer upon which two darkies can stand, a pOe 18 
placed between them, and is rocked to and f -o. Its toe 
resting on the bottom, until by its weight and swaying 
motion, it beds itself to the required depth. Any ces- 
sation of the morement causes the sand to settle nnd 
padt around the pile so quickly that it is Impossible 
for tbe men to start it again. In this way the worl{ 'a 
done rery cheaply and efflcienfly, with an inexpenslrc 
plant. In the cases cited by Mr. Bouscaren. I thii>k, 
possibly, the firmness of the piles in the Loulsiuna 
swamps is dne to an under stratum of sand which set- 
tles around and clamps them In place. In the other 
case mentioned, back of St. I^ouis, there must have been 
some mnd which was easily moved by a current. I 
should be pleased to know more about the sections 
through which they were driven. 

William P. Craighlll. M. Am. Soc. C. E.~I have just 
been informed of a peculiar case of pile-driving that 
occurred in some work In charge of a friend of mine 
who was Improving the Caloosahatchee River, In 
Florida, where he had to drive piles, and hfid no 
pile-driver; the piles were of a kind that would not 
last long under the blow of a ram. The situation was 
t>efullar; he disposed of It In the following way: Fo'-tii- 
nately. he had a very fat man In his party, so that 
after placing the pile on end, he put this fat man on 
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top of the pile: this gave the first motion to the pile. 
In order to keep up the Interest In the subject, he got 
two or three men to shake the pile vigorously and try 
to shake the man off. That was the amusing part of th« 
operation; they shook the pile and the fat man cluug 
on. Fortunately, there was a water-jet available, si 
that with all these contrivances the piles were carried 
down to the rock, but I should like to know in ihe 
next edition of the formula the form It would take to 
cover that case. 

W. M. Black, M. Am. Soc. C. B.— I cannot tell you 
very much about the bearing qualities of piles, but I 
would like to invite the attention of the Society to the 
lack of formulas and data regarding the safe load for 
piles sunk by the water-Jet. This method of siu\ing 
piles is coming more and more into use. It has been 
used for many years by the United States Government 
Bnginoers in their work, and is now used quite g3ner- 
nlly in sandy soils all over the country. 

Some years ago iron screw piles were used in the 
Ocvernment Pier, at Lewes, Delaware. In attempting 
to screw them down into position the friction was so 
great that several were broken by torsion. A v/at( r 
jet was then applied to the top surface of the screw 
blades, and the sinking was successfully accdmplished. 

The "live-load method" of pile-driving In the Cal- 
oosahatchee River, as described by Colonel Cralghlll, 
proved very effective. From 150 to 170 piles wore 
sunk daily to a. depth varying from 4 to 6 ft. In the 
sand, by the aid of a water-jet. These could not have 
been driven by the ordinary method, even had the 
necessary plant been available. 

In Southern waters special precautions are neces- 
sary with pile work to avoid the ravages of the teredo. 
One plan Is to use wood which they attack but Utile. 
In Florida, the palmetto is extensively used for this 
reason. As Is well known, this wood has a hard 
shell and soft Interior, like a cornstalk, It will not 
bear a heavy blow from a hammer. In one case 
palmetto piles had to be sunk to a depth of from 12 
to 15 ft. through hard sand. This was done success- 
fully by the water- jet, aided by light taps from a 
hammer. A slight protection was given to the point 
of the piles by sheet Iron. The pile to be ^unk was 
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raised to position, and the hummer placed on it. The 
water-Jet was then applied. When the descent of the 
pile became too slow, a light blow was given by a 
hammer fall of 3 to 6 ins. The pile was giren a 
slight motiou of vibration, and the pile and the water- 
pipes were kept moving constantly to prevent the sand 
from closing in and holding them. This seems to me 
an important point In pile-driving which has not been 
much touched on in this discussion— the necessity for 
keeping the pile moving. 

In using the water-Jet, we found it necessary to have 
the quantity of water ample. In fact, we found the 
essential to be quantity rather than velocity. The 
velocity had to be sufllcient to cause the water tj 
penetrate the sand below the foot of the pile, and 
make it "live" or "quick," and the quantity so great 
that the water had to escape by rising along the sk n 
of the pile, preventing surface friction. 

In the surveys of the harbors of St. Augustine ami 
Key West, borings had to be made through the sand, 
to depths varying from 12 to 30 ft. This was done by 
means of the water-Jet, and the method adopted il- 
lustrates Its action. In compact sand a 2-in. pipe was 
coupled to the discharge pipe of a hand-pump, and 
forced down to a depth of from 5 to 10 ft. When It 
was stopped by the sand closing in on it, a 1-ln. pipe 
was coupled in Its place, lowered through the larger 
pipe and forced down to the required depth. The water 
rose along the surface of the small pipe, and through 
the annular space between the two pipes, bringing with 
it samples of the strata of sand penetrated. Thin 
strata of shell gravel were also bored through by this 
apparatus. 

Charles Warren Hunt, M. Am. Soc. 0. B.— At the pier 
at Lewes, Delaware, of which Captain Black has 
spoken, the piles were of solid wrought iron, from 22 
to 45 ft. in length, and from 5V4 to 8 ins. in diameter, 
with cast iron screws 2^ ft. in diameter. Wlieu the 
work was in an experimental stage, the attempt was 
made to screw down the piles into compact sand with 
the aid of a Jet of water forced between the flanges of 
the screws to the under side of the flanges. This 
was not successful, several of the piles being broken 
by torsion. An inspection of the screws dev^ope4 the 
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fact that tbe greatest friction was on the upper sut*- 
face of the flanges, and it was found that, when the 
jet was applied to the latter, no more dlffl ul y wns 
experienced, and all the piles In the pier were plocrd 
in that way. 

The gain by the use of the water-Jet on these screw- 
plles was measured mechanically, and was stated in the 
report of the Chief of Engineers,* as follows: • Tliat 
9-10 of the total pressure on the rope which conne ta 
the power with the resistance at once disapp ^ara, l:i 
effect, on the application of the water-Jet." 

(A number of discussions relating to pile-driving 
by water jets only are here omitted. — Ed.) 

F. P. Davis. M. Am. Soc. C. E.— I had occasion to 
drive some piles through very hard, compact anid, 
wliere It would take 200 blows of the hummer, f Ung 
from 20 to 30 ft., to drive the piles 20 ft. I have seen 
the piles stick, the water still being applied. By giv- 
ing a light blow with the hammer the pile would take 
a sudden start and go from 4 to 5 ft., showing that 
the sand had been scoured out. I am satisflod tiie 
water-Jet will scour the sand to quite a depth below 
the bottoms of the piles. 

G. B. Nicholson, M. Am. Soc. C. E.— Tn the year 
1883 I set up a turntable on a pile foundation In the 
lower part of the City of New Orieans, 2,300 ft. from 
the bank of the Mississippi River, for the New Or- 
eans & North Eastern Railroad. As is generally known, 
the soil of that region is a compressible, wet alluvium, 
making the use of piles for the support of the pedestal 
of a turntable the best form of foundation. 

The turntable I allude to was of the ordinary 
wrought iron type, and 54 ft. long. The pedestal was 
supported on a foundation of six yellow pine piles, 
freed from bark, 10 Ins. in diameter at the small end 
nnd 14 ins. at the large end. The piles were capp d 
wi»h a grillage of two tiers of 12 y 14-in. ereosoted 
yell<>w pine, and secured to the piles and to each other 
by 1-in. drift-bolts. The pedestal of the turntable was 
bolted on the top tier of timber. Expcrienre in driv- 
ing a large number of piles in the vicinity a short 
time previously had given me a great confidence In 
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the sustaining power of piles having a rather larg« 

penetration, or sinlting at the last blow of the ram. 

The record of the pile-driving is as follows: 

Length framed. Set last blow. Fall of ram. 

Ft. Ins. 

3^.n 12 85 

34.5 12 30 

27.5 12 85 

30. 9Mi 30 

29.5 18 35 

27.5 9% 82 

Weight of ram, 2,825 lbs.; number of blows, 25 lo 
.•?0; weight of turntable complete, 32,400 lbs.; weight 
of grillage on top of piles, 3,700 lbs. ; weight of engines, 
with tenders, using the turntable, from 116,000 to 156.- 
000 lbs.— 50% at present are 155,000 lbs. ; approximate 
average daily use of turntable by engines and tenders 
since building, 13 times. The turntable has been in 
existence on its original foundation, without repairs, 
for nine years, and no appreciable settlement has been 
discovered. 

Tt is a well known fact that if a pile is allowed to 

est after being partially driven, and the driving resumed 

after a considerable interval, that the first penetration 

in the new driving will be considerably less than the 

last penetration, when the driving was stopped. I do 

not know what the ratio is in dry soils; but I have 

several illustrations for pile-driving in the wet allnvlnni 

about New Orleans, as follows: 

Penetra- 
Weight Fall lion be- Interval Record of driving after 
of of fore of restins-. Penetration 

ram. ram. resting, resting. in inches, fall of ram 
Lbs. Ft. Ins. Hours. in feet. 

2,750 27 7i 48 I'V ,V A iV iV iV A 

3.000 35 6 24 s'o aNj A :Aj liV i"o A ^ A i^ 

3000 20 6 12 y?^?i?.??^iH?*S 

' 15 20 20 20 20 20 25 26 20 20 

onnn is " i 6 5^3^666 

^^^ ^^ ' ^ 3530252222^ 

3.350 18 7 48 ^11 

j^ote.— The expressions in form of fractions mean that 
upper figures represent penetrations of pile in Inclies, 
and lower figures the fall of ram in feet. 

It may not be out of place here to call attent'oa to 
erroneous results obtained in pile-driving, according 
to a method common In the Southwest— that is, the 
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practice of never detaching the ram from the lint. 
Two or three tnms of the line are made on the 
drum of the winch, and when the desired height ia 
reached the line is slacked on the drum and the ram 
falls, carrying the line with it. 

The braking power of the pulley at top of ple- 
driver frame and on the drum of the winch, and the 
consequent loss of momentum of the ram is illustrated 
by the following experiments. 

First.— A pile penetrating 0.5 ft., with a 40-ft. fall 
of a 2,470-lb. ram, with the line attached to ram «ud 
slacked on the drum, penetrated 0.7 ft. with a 40-ft. 
fall when the ram was allowed a free fall by putting 
the line at the top of the leads. 

Second.— A pile penetrating 0.7 ft., with 45-ft. fal 
of 2,750-lb. ram, with line attached to ram and slacked 
on the drum, penetrated 0.9 ft. when the ram was 
allowed a free fall by cutting the line. 

Third.— A pile penetrating 0.32 ft., with 40-ft. fall of 
2,500-lb. ram, with line attached to ram and si eke J 
on drum, penetrated 0.40 ft. when ram was allowed 
a free fall by cutting the line. 



'THE ACTUAL RESISTANCE OP BEARiKO 

riLES. 
(From Engineering News of Feb. 2.^, 1893.) 

The following gives a summary of 17 different 
records of the actual bearing power of piles, as 
collected by Mr. John C. Trau twine, Jr., for his 
discussion of Mr. Foster Crowell's paper on "Uni- 
form Practice in Pile Driving" (Eng. News, Oct. 
27. 1892, Trans. Am. Soc. C. E., August, 1892). It 
is doubtless one of the most complete records of 
such data in existence, albeit in many cases, not 
to say most cases, the data are open to more or 
less suspicion as to their accuracy. 

We give the statement of conditions in each case 
in Mr. Trautwine*s own words, omitting his refer- 
ence to authorities, which can be found if desired 
in the original paper. Below each of these state- 
ments we give the safe load indicated by the so- 
called "Engineering News** formula, viz.: 

CL * 1 jt 2wh 
Safe load = — —^ 

8-}-l 

in which w = weight of hammer by any unit (the 
load given being in the same unit) and h = its fall 
in feet; s = set under last blow in inches. 

Mr. Trautwine himself gave a tabular com- 
parison of the ultimate loads given by three differ- 
'ent formulas when applied to these records, viz.: 
1. The Engineering News formula. 2. The same 
in the modified and more complex form proposed by 
Mr. Foster Crowell. 3. The Trautwine formula. 
We do not summarize this comparison, first, be- 
cause it clearly shows that the Engineering News 
formula gives the closest approximation of the 
three, and secondly, because the Engineering News 
formula for ultimate load ( = six times the safe 
load) is not intended to be used for determining ul- 
timate loads, and not alleged to give them with 
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any accuracy, for the reason that the ultimate 
load is a much more variable quantity than the 
permanent safe load. At least we so understand 
it; and certainly the safe load is the only thing we 
are aiming to determine or care to know. If, there- 
fore, formulas are to be compared, the only proper 
way is to include the effect of their proposed fac- 
tors of safety, which, for the Trautwine formula, 
are 1-12 to 1-2. 

To show the effect of doing so we may instance 
seven cases of known loads and facts as to driv- 
ing which are? given in Trautwine's **Pocket-Bouk,'* 
and are an addition to the following list. It should 
be borne in mind that in some, if not all of the 
following instances of piles under foundations, the 
surrounding soil bears an unknown proportion of 
the load, so that the load actually coming on the 
piles may be several times less than stated. 

Ir stances of Bearing Power of Piles given in Trautwine's 

Pocket Book. 

Locality and Hammer, fall Actual ^^jj * Trautw?ne'3 
soil. and set. load, j^ews. formula. 

Chestnut st. Br. 1,200 lbs.. 40 ft. 

Mud. 94 in. 40,300 29,100 8,000 to ^8.000 

Neuilly Bridge. 2 000 lbs , 5 ft. 

Gravel. 016 in. lOd.^tOO 19,700 14,500 to 87.000 

Hull docks 1.500 lbs., 24 ft. 45.000 

Mud. 2 in. to 56,000 24,000 6,180 to 37,100 

Koy al Border 

Bridge 1,700 lbs.. 16 ft. 

Sand and gr. 0.05 in . 156,800 53 ,700 17.580 t o 105,500 

Pbila. expts. ... 1,600 lbs.. 36 ft 11.560 

Soft mud. 18 in. to 20,120 6,060 1.194 to 7,lc5 

U. S test pile.. 810 lbs., 5ft. 
Silt and clav. 0.375 in. 59,600 6,600 4,858 to 29,150 

French rule . 1,344 lbs.. 4 ft. 

No set. 56.00010,742 6,575 to 39,450 

It will be seen that the last column gives ex- 
tremely vague indications as to the real bearing 
power. Of what use would be a formula which 
eimply told a man that the proper cost of a struc- 
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ture was from $8,000 to $48,000, while the ut- 
most it could cost without breaking the company 
ought to be about $90,000, but might be a good deal 
more or less? That is what the last column of 
the above table says in effect, with the further evil 
feature that it encourages a man to believe that he 
may spend up to $48,000 and still have a "factor 
of safety of two,*' when the fact is he cannot do 
anything of the kind. 

Xo formula can attempt to state exactly how 
much should be spent in such a case, or how much 
load can safely be placed on the pile. What the 
Engineering News formula does purport to do is to 
set a definite limit, high enough for all ordinary 
economic requirements, up to which there ar3 no rec- 
ords of pile failures, excepting one or two dubious 
cases, where a hidden stratum of bad material lay 
beneath the pile, and above which there are in- 
stances of both excess and failure, with an in- 
creasing proportion of failures as the limit is eit- 
ceeded. 

If it does this, as it is believed to do, it is in all 
ca es a safe guide, barring the risk of semi-flu'd ma- 
terial existing beneath the foot of the pile; and in 
most cases a suflicient guide as well. But when 
a large number of piles are to be driven or extra 
heavy loads are to be sustained, ordinary pru- 
dence would dictate the ascertaining by experi- 
ment just what the piles will bear, or, if failure 
would do no great harm, taking chances with 
greater loads without experiment, under favorable 
conditions. The formula is not intended to be 
rigidly applied to such cases as this. 

The valuable records below given, in comparison 
with the safe load by the Engineering News for- 
mula for safe load, may be abstracted as follows; 
and they seem to be fairly good proof that the 
Engineering News formula is, in fact, trustworthy 
to the extent above claimed for it, 
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Summary of Instance** of Bearing Power of Pileb given in 

more Detail below. 

Safe load 

by 
formula. 

1,684 



Cnge 
No. 

1 

2 

i 
5 

6 

7 
8 

9 



{ 



10 

11 
12 



over 



Actual 

u'timate 

load. 

13,333 

14,560 

22,400 

44.800 

to 16,1751 

^*^ 47.375/ 

59.618 

75.000 

224,000 

13,140 

6.400-j- 
13.333+ 

6,400^ 
13,333 f 
22, 400 -h 



4* 



6.067 
23,450 
28,333 

11,400 

6.741 

44,080 

112,000 

to 8.020 

^ 9,520 

.^ 10.183 

^^^ 20,000 

to 1^'^7 

^ 11.790 

37,500 

Tcats of Piles in wbich the Resistance to Extraction 
the Only Evidence as to Ultimate Bearing Power. 



{to 
I to 



Factor of 
safety. 

7.9 

2.4 

—1.0 

1.6 

8.8 
1.7 
2.0 
1.7 
1.4 



Material. 



Hud. 









AUuv. 

Mixed. 
Sand. 

Sandy. 

Mud. 
Sandy. 

Mud. 



V 






«« 



is 



13 
14 
15 

IC 

17 



to 



{ 
fto^V^K) 



490 
1,288 
15.850 



/ 50,000 / 

1to8iO(K) 1 

/ 71,3(K) / 

\ 71,fOO \ 



Sandy. 

Claj. 

Unknown 

Rotten rock. 

Sand. 



to 



W'ls! :::: 

25,067 
5,000 
6,000 
.^ 51.250 \ 
"^^ 88,000/ 

12 800 { Clay. 

17,920 f 

Case 1.— rile trestle at Aquia Creek, Va., 1871. Creek 
iKittoin. nlmo.st fluid nmd over 80 ft. deep. Tide water 
r» ft. deep. Trestle bents of six piles each, 12V(j ft. be- 
tween een^^ers and about 15 ft. high. Piles 15 to 18 ins. 
iliaiueter at biilt, 50 to 56 ft. long, cut off just above 
low water-mark. 

(The records show a 2,000-lb. hammer, fall- 
ing 4 ft. with 8.5 ins. set or 0.7 ft. with 
22 Ins. Bet. Safe load by formula, 1,684 and 1.G82 
lbs. (but in reality the safe load in this case would 
hare boon computed under the data of Cases 10 and 
11 below, which see). (Actual load 13,333 lbs. CJon- 
tinued actual safe load, 6,400 lbs.). 

Case 2.— Philadelpliia. 1873. (Soft river mud. Trial 

f>ile loaded with 14,5(K) lbs. five hours after driv- 
iig. and sank but a very small fraction of an incli. 
Tender 20,160 lbs. it sank % in.; under 33,600 lbs., 
5 ft. 

(The records show 1,600 lb. hammer falling 36 ft. 

with 18 ins penetrf^tion. Safe load b7 formula 6,00? 
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Case 3.— Missiflsippi Blrer at Bast St Louis, 186S-e9: 
noft muddy bottom, with 5 or 6 ft. of water. Pili'S in 
temporary railway trestle of three-pile bent, 15 ft. from 
••CDter to center, driven about 20 ft. Penetration 2Mi 
to 3 ins. The pUes settled badly in a very short time 
under looomotiTes wei^bin? not over 30 tons, so tbnt the 
load on a pile could hxurdiy have exceeded 22,400 lbs. 

(Safe load by formula tatdn; 27^ ft mean fall, 2% ins. 

mean penetration, 1,000 lb. hammer; 23,450 lbs. Many 

of the data of this case are quite dubious, especially 

the wei^t given for locomotives. Hiere were very few. 

if any, fci Missouri in 1S68-9 so light as 30 tons. It is 

■••re likely the load in each pile was double that 

stated.) 

Case 4.— Perth Amboy. 1873: "pretty fair mud," 30 ft. 
deep. Four piles, 12, 14, 15 and 18 in. diameter at top, 
to 8 ins. at foot, were driven in a square to depths of 
from .33 to 35 ft. Distance apart not given. A platform 
was built upon the heads of the piles and loaded with 
179.200 lbs., say. 44.800 lbs. per pile. After a few 
days the load was removed. The 18-in. pile had not 
moved: the 12-ln. pile had settled 3 ins., and the 14 
and 15 in. piles had settled to a less extent. 

(Hammer 1,700 lbs. falling 25 ft. with 2 in. penetra- 
tion; whether the same for all the piles or not is not 
stated. Indicating that the record is somewhat lacking 
in precision. Safe load by formula, 28,333 lbs.) 

Case 5.— Fort Delaware, 1850. The account is highly 
uuiiitelligible. Material, an alluvial deposit. The piles 
were of Chesapeake yellow pine weighing from 32 to 
.'»!> lbs per cu. ft. They measured 12 Ins. square, and 
were about 30 ft. long, with points 5 ft long. Four 
trial piles were driven about 24 ft. (distance ap:»rt i.ot 
stated) and capped with a platform upon which the 
loads were placed. The weight of ram is variously given 
;it from 1.883 to 2,000 lbs. It appears to have l)een 
about 1.900 lbs. 

(Safe loads by formula, calling fall 6 ft. and set 1 in. 
= 11,400 lbs., which checks quite accurately, as the 
piles settled 3-16 In. under 15,175 lbs. By gradual in- 
crements of loads extending up to 47,375 lbs., however, 
they only settled 1 in. in all, at the end of a period of 
10 years. At the end of 5 years, with nearly 40,0(X) 
lbs. load, they had settled just % in.). 

Case 6.— Proctorsville, La. Material, mud, sand and 
clay: wet. Trial pile (driven alone) said to have, been 
.'{0 ft. long, yet it Is said to luive sunk 5 ft. 4 ins. by 
its own weight, nnd to liave been driven 29 ft. ins, 
deeper, malcing 34 ft. 10 ins. driven length. <^ross- 
section, 12^x12 ins. at top. IIV^ x 11 ins. sharpened t» 
4 ins. square at foot. AVelght, 1,011 lbs, Head capped. 
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i*ile bore 59,618 lbs. without settlement, but settled 
slowly under 62,500 lbs. Fall, during last ten blows, 
regulated to 5 ft. exactly. I*euet ration, last ten blows, 
ranged from % to i^ in.; mean 0.35 In.; last blow, 
% in. 

(Hammer 910 lbs. safe load, by formula, 6,741 lbs., 
being very far below what the pile actually sustained. 
This is another case of those piles In soft material whose 
resistance Is not fairly measured by the blows given 
when first driving, but can only be fairly gaged by 
trying blows after the mud has had time to set.) 

Case 7.— Buffalo. Material, wet sand and gravel. 
Piles driven in nests of from 9 to 13 piles. Test pile of 
beech., 20 ft. long after being driven and cut olf. 
Driven length, 20 ft., 3 ft. in stiff clay; cross-section. 
1.5 ins. diameter at top. A load ot 50,000 lbs. remained 
on the pile for 27 hours, but produced no appreciable 
fiTect. The load was increased 20,000 lbs. at a time, 
and left for 24 hours after each Increase. A gradual 
settlement aggregating % In. tooli place under 75,000 
lbs., and the pile then came to rest. The total settle- 
ment Increased to 1^4 Ins. under 100,000 lbs., and to 
3 1-lG ins. under 150,000 lbs. During the experiments 
the ground was kept In a tremor by the action of 
three pile-drivers at work on the foundations. Subse- 
quent use shows that 74,000 lbs. Is a safe load. 

tllammer, 1.900 lbs.; fall 29 ft.; set, 1.5 ins. Safe 

load by formula, 44,080 lbs. As a * 'gradual settlement 

aggregating % In., took place under 75,000 lbs.," this 44,- 

080 lbs. is as large a "safe load" as the circumstances 

warranted, unless some settlement was not objected to.) 

Case 8.— Brooklyn, N. Y., 1847-48. Dry Dock at Navv 
Yard. Material, wet, loamy, micaceous, quartz sand, 
becoming tialcksand wherever It was mucn trodden. 

•*The main piles were mainly round spruce bars, 
very straight, from 25 to 45 ft. long, averaging a 
driven length of 32 ft." "They were not less than 7 
ins. in diameter at the smaller end, and 12 to 18 liis. 
(on an average, 14 Ins.) In diameter at the larger en«l. 
The trial piles averaged 12 ins. in diameter in tliri 
middle. Tiie heads of the piles were protected." The 
piles "were driven in rows 2\^ ft. apart, and at trans- 
verse distances of 3 ft., all from center to center." 
But "Intermediate piles, of very tough second growth 
oak. were frequently driven." **The piling machines 
were strongly and accurately made, with the wavs 
bound with smooth plates of Iron." They gave about 
one blow per minute. A Nasmyth hammer was used 
also, and gave (K) blows per minute. I have assumed 
that some of the piles tested wer« driven by it, although 
this Is not stated In the reports. The author applicb 
the test to a penetration of 0, but "the average dis- 
tance driven by the last five blows was 1 In." We 
therefore tiike the experiments as embracing s = 0, and 

8 "^ U.^> 



100 

As the result of tbe tests it was believed that for a 
pile driven 83 ft. into the earth to the point of ulti- 
ma te resistance with a rain weighing 2,240 lbs. ami 
falling 30 ft at the last blow, the extreme snpiiortiug 
power due to the frictioual surface was 224,000 lbs., or 
1 ton per superficial foot of the area of its circum- 
ference. 

This case Illustrates the criticism already made of 
^Ir. Crowell's formula that, like Major Sanders', It 
gives excessive loads where the penetration is very 
small. For the ordinary machine, our formula here 
gives better results than Mr. Wellington's, but for the 
Nasmyth machine, which I have assumed to have been 
used on the piles tested, his results are almost exact, 
while ours are double the actual load. 

(Safe load by formula, for 0.0 to 0.2 penetration, 
134,000 to 112,000 lbs., or about half the estimated ex- 
treme supporting power. As there could hardly be a 
"better result" than this, the statement tlmt the Traut- 
wlne formula gives * 'better results,*' is very incorrect 
in fact, and is based only on a comparison of ultimate 
loads, wliich for 0.2 penetration Trautwine has as 
290,000, instead of 6 x 112,000 = 612,000 ultimate by the 
Engineering News formula.) 

Case 9.— Dordrecht, Holland, 1872. Bridge over the 
Maas; temporary piles under staging. The author in- 
forms us that "the staging sank fully % in., and during 
their erection the girders had constantly to be wedged 
up"; but leaves it to the ingenuity of the reader to de- 
duce the other data required for our present pur- 
)H)»e. The n>aterial seems to have been sand, with 
some mud; average depth of water, 19 ft.; maximum. 
23 ft. The piles seem to have been driven either by 
a steam pile-driver delivering 60 blows per minute 
witli a ram of 2,205 lbs., falling 30 Ins., or by "an or- 
dinary hand engine"; ram, 992 lbs.; fall, 6 ft. 7 Ins. 
Both cases are given in the table. However this may 
be. we are told that "some of them went in much too 
easily, being driven % In. and 1% in. with the last 
blows." But "It was arranged, where the penetration 
was more than % in. on the average of the last 100 
blows, to put in" additional piles. I therefore take % 
In. as the probable penetration. The load seems to 
have been about 13,440 lbs. per pile. 

(Safe load for 2,205-lb. hammer, 8,020 lbs.; with 902- 

Ib. hammer, 9,520 lbs. As the piles sank continuously 

but not hopelessly under 13,440 lbs., these loads check 

as well as could be desired.) 

Case 10.— Aqula Creek. See Case 1. A pile 40 ft 
long, after sinking some 30 ft. with its own weight 
and that of a 2,000-lb. hammer, was given a blow of 
2-ft. fall, after which it sank 6^ Ins. further in one 
minute under its own weight and that of the hammer, 
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nnd then stopped. Pour weeks later "a 5-ft. blow 
failed to move it, and a blow of 14 fte drove It only 
4V^ ius. This case and the following one illustrate 
strikingly the effect of time in increasing the stability 
of a driven pile. In both cases the blow recorded 
was delivered four we^ks after the settlement under the 
load. A load applied after the blow, as usual, would 
undoubtedly have made a better showing for the 
formulas. 

(Safe load by form^a after 5 ft. blow with no pene- 
tration, 20,000 lbs.; after 14-ft. blow with 4i^-ln. 
penetration, 10,183 lbs.; actual load carried without 
failure, 6,000 to 13,000 lbs.) 

Case 11.— See Case 1. A pile 43 ft. long received two 
blows of 2 ft. each, and then settled under 2.000-lb. 
hammer li^ ins. in two minutes. Four weeks later It 
penetrated 2% ins. under a 10-ft. fall, and 8^ ins. under 
a 28-ft. fall. 

(Safe, load by formula, 10,GC7 and 11,790 lbs., re- 
spectively; closely corresponding with actual loads 
safely sustained.) 

Cose 12.— I^ike Ponchartrain Trestle, La. About 6 
miles of trestle crossed the lalce iiropcr, and the re- 
mainder (16 miles) crossed the aujoining sea-swamp. 
Four-pile bents, 15 ft. between centers. Material of 
Kwamp, several feet of soft, black vegetable mold, 
lying upon soft clay, with occasional strata 
1 to 2 ft. thick, of sand. Piles sank from 5 to 8 ft. of 
their own weight, and then about as much more wltli 
hammer (about 2,5(X) lbs.) resting on head of pile. Two 
piles 05 ft. long were driven, one on top of the other, 
and penetrated 9 ins. with over 100 ft. driven; but a 
.^0-ft. fall. 30 minutes after driving a pile, gave onh- 
3 Ins. penetration. Piles 65 to 75 ft. long. Weight of 
ram about 2.500 lbs. Fall, about 30 ft. Penetration. 3 
to 12 Ins. I have taken s =3, G, 9 ami 12. ''No settle- 
ment has been observed In the entire length of the 
structure to date.'* As there were four piles in a bent, 
and the bents were 15 ft. apart, the load on each pile 
probably has not exceeded 22.400 lbs. Although the ex- 
treme load is not given, we include this case as form- 
ing an Interesting contrast with Case 3, also given bv 
Mr. Bouscaren. 

(Safe loads for 3, 6, 9 and 12 ins. penetration, 37,500, 
21,430, 15,000, 11,538 lbs. As the only proper fall to be 
considered In a case like this Is the 3-In. penetration, 
which occurred after 30 minutes* Intermission, the 
check here Is excellent.) 

Case 13.— Small experimental piles. "Resistance of 
Piles to be Ice-drawn,*' by J. w. James. Material of 
various kinds, chiefly compact sandy clay, compact 
graveUy clay, with surface soil, sometimes wet, some- 
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times dry. . Th^ "piles" were small Sticks of oak, as 
follow: Square, •! to 2 Ins. side; cylindrical, 1 to 2 
ins. diameter; flat, 3V4 x 1 In. They had points of 
different shapes. A large number of experiments are 
recorded, of which the means given In the table are 
fairly representative. 

Mr. CroweU's formula is hardly applicable to a case 
like this, for we have ho way of flnding his n, which is 

^ Vs'' where s' is the penetration as it would be 

under a blow of a 2,000-lb. ram falling 20 ft. or other 
eouivalent (?) blow of 40.000 foot-pounds. Since none 
or the loads reach 2,000 lbs., it is plain that the mere 
weight of a 2,000-lb. ram would have driven the pile 
indefinitely, and we can hardly doubt that any blow of 
40.000 foot-pounds would have done the same, and 
would also have abruptly terminated the experiment. 

(These curious records are of value only as checking 
the generality of a pile-driving formula, but in that way 
check extremely well, as follows: 

Wt.ram,lb8 22.8 21.9 23.8 32.2 23.1 39 

Ht. /all.ft 4.6 7.6 7 2 7.2 7.3 6.8 

Set., ins 94 .89 .36 .45 67 .76 

Safe ]d. by formula. 108 200 251 231 203 301 
Observed resistance. 490 572 1,288 822 712 959 

Ratio, 1 to 4.5 2 9 5.1 3.5 3.6 3.2 

When it is remembered that the "observed resistance" 
is merely that to pulling, the formula for safe load 
could hardly check better with the actual observations.) 

Case 14.— Ice-druwn pile. Observations made January, 
February, March, 1873. From the paper quoted in case 
13. Material not stated. Pile about 12 ins. diameter, 
under a bridge constructed during the previous year 
across a river confined by a miii-dam. The fall was ap- 
proximately 20 ft. "The driver i040-lb. hammer) was 
worked on the ice, and equal leugths of the piles did not 
project above its surface when the last blow was de- 
livered." The penetration is said to have been ^ in. 
The load was estimated by the uplifting force of ice. 
"The piles held their ground, and the ice broke away, 
until it had attained a thickness of 15 to 16 Ins., when 
the piles began to come up." The lifting force was 
estimated, from experiments by the author upon smuli. 
smooth sticks, at • 18,850 lbs. per pile. Deducting 
weight of superstructure, about 3,000 lbs., leaves 15,850 
lbs. as the estimated force required to draw the pile. 

In view of the snallness of the actual load in this 
case, it may reasonably be asked whether much of the 
energv of the blows was not consumed in overcoming 
the friction of the piles against the ice through whicii 
they were driven, it will also be noticed that the force 
was an up-lifting one, and that its amount was* esti- 
mated by means of the adhesion of ice. as derived from 
experiments with small, smooth sticks. The weight of 
ram, height of fall and penetration, were all taken by 
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the author of the paper at hearsay, from a man who 
had worked on the bridge. The case is, in fact, one of 
exceptional doubtfulness in all respects. 

(Safe load by formula, 25,067 lbs.; agreeing suffi- 
ciently well with probabilities.) 

Case 15.— Proposed Cambria Reservoir, Philadelphia, 
1883. Notes by the writer. Material, wet, decomuobed 
mica schist. A wrought iron pipe, 3^^ ins. outside diaui- 
eter, 3 ins. inside, was inserted ip a bore-hole 6 ius. in 
diameter and 30 ft. deep, and driven 14 ft. to rock. 
The lower end of the pipe was dressed to au annular 
cutting edge. Load.— After several hours' work with 
block-and-fall, the pipe was pulled in two by using two 
hydraulic jacks of unequal power, one on each side, by 
means of which the pipe had been raised 8 ins. The 
fracture took place in the thread, where the wall thick- 
ness was reduced from ^ to ^ in., leaving a cross- 
sectional wall area of S% x 3.1416 x % = 1.23 sq. ins. 
Since the pipe had risen slightly under the pull which 
soon after caused its rupture, the latter was evidently 
about equal to the resistance of the pipe to being with- 
drawn. We can estimate at the amount of this pull by 
estimating the tensile strength of the iron at the point 
of rupture. The conditions of the experiment were 
very crude, but considering that the pipe was no doubt 
weakened by canting from side to side under the un- 
equal forces exerted by the two jacks, as well as by 
repeated blows in driving, and repeated tensile strains 
in drawing, and by the removal of the outer "shelr* 
of the iron in cutting the thread, the tensile strength 
could hardly have exceeded 40,000 lbs. per sq. in., 
and. on the other hand, it was perhaps not less than 
20,000, giving 25,000 to 50,000 lbs. as the extreme load. 

(Hammer of 350 lbs. falling 8 ft, set % in., sustained 
25,000 to 50,000 lbs. Safe load by formula, 5,000 lbs. 
scant.) 

Case 16.— Pensacola, Fla. Material, clean, hard, sharp, 
white quartz sand. All the sand would ^^ss through a 
sieve having openings 1-12 in. square. Water filtered 
through it came out perfectly clear. One cu. ft. of it 
woula hold 6 qts. of water. The 2-ton hammers could 
only drive about 20 ft. The water was about 11^^ ft. 
deep. Seven piles, selected as representing the average 
of all, were tested with upward pulls of 20,000 lbs. each 
without moving, jind one of these was afterward tested 
with upward pulls suflScient to cause motion (as re- 
corded below) and finally withdrawn. This pile was 
20 ft. long, 16 ft. in sand, including its point, 2 ft. long. 
One foot of this length was in loose sand, which had 
been excavated and had fallen back. The average diam- 
eter of the part in the sand was 13^ ins.. Including the 
bark. Weight of pile, 1.632 lbs. Pile tested two months 
after It was driven. Neither weight nor fall of ham- 
mer nor set given. 

The following guesses at their values are the result 
of laborious study of their remarks respecting the tovc^- 



dati<m piles as a wliole, and are to be taken as of rery 
doubtfm correctness: 

(Safe load, 

by fonuula.) 

l8t. w« 2,200, h=»80. s — 0.5. 188,000) 

2d. w-= 4,100, h — 38. 8 = 0.0. (270,000) 

Sd. w« 4.100, h»10. 8»0.6. (51,250) 

The tests on the trial pile resulted as follows: 

78,000 lbs.... No movement, 

80,000 ** ...itesisted ^ mln... and then rose very 

slowly. Bose 2^^ ins. in 90 min. 
82,000 " ...1% min., 

83.000 '* ...3^ min. Bose 2% ins. In aU, In 30 min. 
00,000 '* ...18 hours. No movement. 

74*000 ** ! } ^^^ ^ ^ •^^' ^° ^^^ hour, 6 ins. in alL 

5d,(X)0. ** ...For two days. No moTement. 

The very small loads obtained by the test in this case 
seem to contlrm the view already expressed that the 
resistauce of a pile to an upward pull must be less thau 
that to a downward pressure. This is especially notice- 
able in comparison with the Brooklyn tests. Case 8, 
where the conditions were nearly similar, but where 
the pile (tested by nressure) bore much greater loads. 
The sand at Pensacola was remarkably pure, and hence 
could probably exert little resistance to beini; broken up. 
while offeriu}; great resistance in the opposite directlou. 
as is shown by Mr. Towle's statement that at a depth 
of 15 ft. a 2-ton ram (falling 33 ft.) rebounded nearly 
a foot. 

(The safe loads by formula, as interpolated above, 

check very accurately with the probabilities indicated 

by the test.) 

Case 17.— Albert Dock, Hull, England. Bemoval in 
January and February, 1880, of coffer-dam built in 1874. 
Material, compact bluish clay, above which there were 
from 3 to 5 ft. of peat, and above this slit and sand iu 

? laces. PileS' of ordinary rough Memel bark timber, 
rom 10 X 12 to 14 x 15 ins. Average, 12 V^ ins. suuure. 
From 20 to 40 ft. long. Driven length, from 6 to 30 ft. ; 
average, 18^ ft. Most of the piles were driven fwiii 
10 to 20 ft. Into the clay and were nearly or quite lu 
that material alone; but a few of the shorter plies, 
driven in a slopiue side of the doclL, were entirelir iu 
the silt, while a few others entered the peat without 
reaching the clay. The piles were driven close together 
in two rows 5 ft. apart, lorming a coffer-dam, the space 
between the two rows having been filled with puddled 
clay *'to above high water mark." Before the piles 
were withdrawn the puddle was removed down to a 
level "rather under high water-mark of ordinary neap 
tides.'* 

The height of fall (2,240-lb. ram) varied from 5 to 6 
ft., and the penetration from 0.5 to 0.75 in. I have 
taken the extreme cases; 420 piles were withdrawn and 
3(X) observations recorded. The force was applied by 
men working a winch and estimated by testing; that of 
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the men in lifting Imown weights, l^e piles were 
drawn consecutively, so that one side of earin pile was 
nearly or quite free from frictional contact, the oppo- 
site one was in loose contact with the adjoining pilet 
and only the remaining two sides resisted by friction 
with the ground. 

The average total force required to draw a pile was 
75,869 lbs. The author deducts from this 2,340 lbs. 
(=! 12 X 12 ins. X 15 lbs. per sq. in.) for suction, and 
2.240 lbs. for weight of pile, leaving, say, 71,300 lbs. 
as the frictional resistance to drawing the pile. 

(Safe load by formula, with %-in. set after 5 ft fall, 

12,800 lbs.; with %-in. set after 6 ft fall, 17,920 lbs.) 



(From Engineering News of March 9, 1803.) 

Sir: Your article on "The Actual Resistance of Bear- 
ing Piles," in the News of 23d inst, conveys so er- 
roneous a conception of our formula that I find myself 
reluctantly compelled to appear again in print upon this 
subject. 

The most serious matter In your presentation of our 
formula in the article referred to is the implication 
that the formula leaves the engineer, in any given case, 
with no more definite instructions than that the safe 
load is to be taken at from one-half to one-twelfth of 
the extreme load, as given by our formula. 

Our factor of safety does, indeed, range from one- 
half to one-twelfth, as stated briefly in several places 
in my discussion of Mr. Crowell's paper, but that the 
implication referred to is utterly misleading will appear 
at once from the fact that our rule (Pocket Book, page 
644) reads: 

As to the proper load for safety, we think that not 
more than one-balf the extreme load given by our rule 
should be taken for piles thoroughly driven in firm 
soils; nor more than one-sixth when in river mud or 
marsh. If liable to tremors, take only half these 
loads. 

Now, in any given case the engineer knows whether 
the bottom is of "firm soil" or of river mud or marsh," 
and whether the structure is such that the piles will 
or will not be "liable to tremors." Hence our rule 
gives a set of maximum factors of safety as follows: 

If not if liable 

liable to tremors. to tremors. 

Firm soil» one-balf one-fourth 

River mud or marsh one-sixth one-twelfth 
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from which one factor Is to be selected for any glveA 
case, and in accordance with the peculiarities of that 
case. 

In the face of this to intimate, as you now do, that 
our rule says simply "for safety take anywhere from 
one-half to one-twelfth of the extreme load given by 
the formula '* is as grotesque a misrepresentation as it 
would be to take a case where the fall h is stated 
as "somewhere between 5 and 30 ft./' and argue that 
your formula was of no use because it gave loads vary- 
ing from L to 6L.; while to make it appear, as does 
your table on page 171, that our formula, FOR A 
GIVEN CHARACTER OF SOIL, gives results varying 
from one-half to one-twelfth of the extreme load Is as 
unjust as It would be to take a case with a fall of 10 
ft., and claim that your formula gives for that case 
results varying from L to lOL because It is Intended 
for heights of fall of, say. from 3 to 30 ft. 

I therefore beg to submit, as below, a version of this 
table, in which the safe loads given by our formula 
are stated as the wording of our rule requires, taking 
occasion, at the same time, to rectify a scarcely less 
glaring oversight on your part in classing extreme loads 
and safe loads without distinction under the common 
head of "actual loads," as well as to correct a few 
small errors In your calculation, and one or two greater 
ones in your statement of the data. 

Treated justly, as above, our formula will be seen 
to compare favorably (as far as these few records can 
show) with one which is claimed to be "In all cases 
a safe guide." 

Noting your remark that the foregoing seven cases, 
"which are given in Traut wine's Tocket Book,' are in 
addition to the following list" of 17 cases taken from 
ray discussion of Mr. Crow ell's paper, I may remark, as 
stated on page 147 of the discussion, that the latter 
were restricted chiefly to those results "which give, or 
from which we may infer, the ultimate or extreme 
load," that hence the first four and the last one of the 
seven results which you now quote, giving, as they 
do, only the safe load, were necessarily omitted from 
the list given in the discussion, while the fifth and 
sixth, which give the extreme load, are Included in 
that list, forming cases 2 and 6 (Philadelphia and 
Pensacola), respectively. 
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There Is another point in your article to which I must 
refer, and that is your summing up of the results of the 
comparison, in my discussion, between the actual re- 
sults collated and the loads obtained from the three 
formulas. I give these results below, and repeat, as 
stated on page 153 of my discussion, that *'the first 
eight may be considered good cases; the conditions of 
driving and loading correspond with what may be 
called ordinary practice, and in most of these cases 
are stated with reasonable clearness." The other nine 
cases are mnch less reliable. (We give only the first 
eight to save space and time.— Ed.); 

In this comparison: 

R =: the actual extreme load on one pile. 

Rmt = the extreme load on one pile by the Engineering 
News formula. 

R^ - the extreme load on one pile by the Trautwine 
formula; and, inasmuch as the quotients given are the 
ratio of the loads by the formulas to the actual loads, 
the approximation of the formulas as to these results 
is closest when the quotient approaches most nearly 
to unity. 

A.— Piles tested by loading. 

Case No. R^ R 

1 1.320 0.798 

1.321 1.439 

2 0.400 1.047 

0.554 1.450 

0.924 2.415 

3 0.187 0.383 

0.136 0.315 

4 0.263 0.541 

5 0.603 0.549 

6 1.545 1.084 

7 0.284 0.643 

0.378 0.857 

0.567 1.285 

8 0.278 0.644 

0.333 -0.772 

0.926 0.462 

1.111 0.555 

Mean 0.660 0.896 

Maximum 1.545 2.415 

Minimum 0.136 0.315 

As I have already stated, I do not consider the evi- 
dence of these cases sufficient either to establish or 
to condemn any formula; but they are all that I 
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conld find, and, taking them for what they are worth, 
and bearing in mind the greater reliability of the llrst 
eight cases, I had flattered myself (though modesty, of 
course, constrained me to leave it for you and for 
others to note and proclaim the fact) that the result 
of this comparison was distinctly favorable to our 
formula, and I am naturally surprised, therefore, to 
learn from you that it "clearly shows that the Engi- 
neering News formula gives the closest approximation 
of the three." John C. Trautwine, Jr. 

(The reason why we took an unfavorable view 
of the comparative results of the Trautwine for- 
mula can be very briefly, and we think conclu>ively, 
shown from the eight instances referred to, by com- 
paring the SAFE loads which the two formulas 
give, using Mr. Traut wine's o\vn factors, as fol* 
lows: 

Mean ratio of formula 
safe load to bearing 
power by test. 
In- By Trautwine formula. Traul- Eng. 

srance. (Conditions. Factor. viine. Newn. 

1 Mud, tremors. 1-12 .095 .22 

2 Mud.tremorp. 1-12 .14 .10 

3 Mud. tremors. 1-12 .03 .025 
i Mud, no tremors. 1-6 .09 .04 

5 Mud. no tremors. 1-6 .045 .12 

6 _ Mud (?), no tremors. 1-6 .09 .26 

7 8and, tremors. 1-4 .23 .07 

8 Sand, no tremors. 1-2 .30 .1 1 

Moan 121 .118 

The face of these returns looks as if the two 
formulas were much of a muchness, but let us 
look further. The three instances in which it 
looks as if the safe load by the Engineering News 
formula was decidedly too low are Nos. 4, 7 and 8, 
yet in all three of these instances the full data, as 
abstracted in our issue of Feb. 23, show that, as a 
matter of fact, the Engineering News formula 
gives as great a safe load as is warranted. In case 
Xo. 4 piles settled under 44,800 lbs. and the formu- 
la gives 28,338 lbs. safe load. In case No. 7 piles 
settled under 75,000 lbs. and the formula safe load 
is 44,080 lbs. In case No. 8, the formula gives just 
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half the estinrnted extreme supporting power*. 
Therefore, in these three instances, the Trautwine 
formula appears to give a greater load than is 
really safe. 

We may or may not hare been right in thus 
reasoning from these particular records, but as 
Mr. Trautwine himself admits that his formula is 
not consistent under extreme cases of fall, giving 
far too high values for low falls and vice versa, 
owing to its making the bearing power vary with 
the cube root of the fall, we fail to see why he 
should so strenuously insist that the formula 
chances to fit certain particular instances as well 
or better than others, even if it did so. Supposing 
this absolutely proven; what then? It is known 
that in certain other cases it would not be so trust- 
worthy. The Trautwine formula would naturally 
fit the seven instances quoted from the Popket- 
Book pretty well, since it was framed to fit those 
instances only or chiefly. It is not probable that 
Mr. Trautwine framed it to fit any other specific 
records, or he would have quoted them. 

As for the Trautwine factors of safety, it seems 
to us absurd to maintain that the intent of the 
sentence quoted is to give four specific factors to 
be used in four specific instances. The factor it 
specifies in effect is "from 1-2 to 1-6, but only half 
as much if liable to tremors." What structure was 
ever built that was not "liable to tremors," if only 
from earthquakes? Practically, the specification is 
for a factor of 1-2 to 1-12, according to the engi- 
neer's judgment. 

For again, if the sentence as to factors be taken 
literally, as suggested, it inculcates exactly the re- 
verse of good practice. To conform with the uni- 
form results of experience, as indicated in recent 
discussions, it should rather read as follows: 

'*For piles driven in firm soils about 1-6 of the 
extreme load by formula may be taken; but when 
driven in river mud or marsh, one-half, or even the 
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full formula load, or even two or three times that 
load, may be taken with about the same assurance 
of safety as 1-6 in firm soils.** 

The error in the ori?final sentence lies in the fact 
that it allows twice over for the weakening effect 
of mud and soft material on the supporting power. 
No one doubts that a pile driven in mud is absolute- 
ly of far less value than one driven in firm soil; but 
that effect is far more than included in the com- 
parative bearing power by any and all formulas 
which are based on the mean penetration under 
the last blows; because all experience indicates 
that the final bearing power of piles driven in mud 
is abnormally great in relation to the rate of pene- 
tration when driving, and not abnormally small. 
The supposed and sufficient explanation of this 
fact is that soft mud gradually settles into every 
fiber of the pile, so as to get a very firm grip upon 
it; whereas no such effect takes place with firm 
soils. 

This fact alone shows that the sentence in ques- 
tion was not a carefully studied provision of four 
different factors for four different conditions, but 
rather that the thought in the mind of the writer 
was essentially as we interpreted it.— Ed.) 



EFFECT OF TTSING CAST IRON SHOES. 

Sir: Noting yonr srtlde and commenta on pile dilr- 
lag In iHSue of Dec. 8, the fallowing experience ma; 
be of Lriterest to those of your renders wlio may be 
rolled upon to drlre piles thraugh crtbwork and old 
timbers, aueb as I bad oecasloD to do reeently for Ibe 
Depiirtinent of Docks, at the foot ot Caua) SI., North 
River. New York. The nature of tbe cribwork was 
unknown, and tbe quickest and beat metbod of drlrlne 
was aetermlneil by a series of teats aa the work 
progressed. At first tbe piles were shod wltb cast Iron 
shoeii. OS shown In Fig. 1, bat failed, as shown Id 
Figs. 2 and 3. 



Effects of Driving Piles Having Cast-iron Shoes. 

with the point cnt off 
and split and broomed 
beads appeared to 9uch an extent that the method of 
polDtlni was resorted to wltb very farorable resniU, 

(IK) 



113 

The piles used were Bound and straight spmce and 
yellow pine sticks, the latter giTing mnch better re- 
sults, and withstanding the 00 to 70 blows of a 3,000-lb. 
hammer, falling 10 ft., mnch better than the spmce. 

liUgene Lentilhon, 
New York, N. Y., Dec. 14, 1882. J. Am. Soc. C. B. 



EFFECTS OF OVER-DRIVING OF PILES. 

(From Engineering News of Dec. 8, 1892.) 

By Robert L. Harris, M. Am. Soc. C. E. 

Many years ago engineers used to be instructed 
and required to drive piles to a very small move- 
ment at the last blow, even so low at times as i/i 
in. Common sense rebelled at this, and so soon 
as the writer came in responsible charge of work, 
he seldom permitted it. In 1879, an ocular demon- 
stration not only showed the correctness of this 
long held position, but caused a loss of faith in 
piles driven to small movements for many cases. 

The projected line of the Boston & Hoosac Tunnel 
& Western Ry. passed under the Troy & Green- 
field (then in operation), in two places, both of 
which were at embankments of sand. After some 
years of litigation the first named road was per- 
mitted to be completed; naturally it derived no 
assistance from its opponent. For the proposed 
openings, to be spanned by iron bridges on masonry 
abutments, temporary bents of piles were driven 
in the embankments to about 22 ft. below track 
level of the T. & G. R. R., to allow excavation 
for the abutments, etc., at the under crossing. The 
fine compact sand caused hard and slow driving. 
In the subsequent excavation which soon followed 
it was found that over one-half of these piles were 
next to worthless, being split or broken from the 
driving at depths below 8 ft. in one or more of 
the three ways indicated by a.ccompanying 
sketches; and in these cases the bents had to be 
"posted down.'* 

Most of the piles failed as shown in Fig. 1; 
some of them, however, as in Fig. 2, and a few 
only as in Fig. 3. 

(114) 
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In the code of rules (p. 1) there is mention of the 
bad effect of "broomed heads," but broomed points 
are hardly touched upon, which naturally brings up 
a second practical point early learned, about which 
many engineers and contractors will differ with 
the writer until they may make fair trial. 

In most kinds of materials a pile will drive bet- 
ter, truer and nearly as rapidly, if merely cut off 
square at the lower end than if pointed; and. 
strangely enough, this proved so even in indurated 
sand where marking stakes required pointing or 
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Modes of Failure of Over-Driven Piles. 



holes made for them. Although cutting off pi^es 
saves labor of handling and pointing, yet only a 
denioiisirati;):i fonvinces rn^iueiTs anil con^ra^'tors 
of the Irni'li;; one.' tritnl. liowevtM*, noilhor will 
thereafter lo.nt, except undiT "east iron sjieeiliea- 
tions." 
(The point that piles will, as a rule, drive better 
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without sharpening than with, is now, we believe, 
generally accepted practice. An iron shoe, if used, 
is also of very little assistance, generally stripping 
off before it has penetrated far.— Ed.) 



ON THE NAS^rSTTH STEAM HAMMER.* 
By Don J. Whittemore. 

Having used the Nasmyth steam hammer in 
driving piles in foundations for masonry at the 
La Crosse and Sabula* bridges and for elevator 
foundations in Milwaukee, it may be proper for 
me to testify that in my opinion no engineering 
plant is complete that does not include this appli- 
ance, and I fully indorse all that was written in 
its favor over thirty years ago by Wm. J. Mc- 
Alpine, Past-President of this Society. 

I wish to present some evidence of how far the 
effectiveness of this machine is dependent on keep- 
ing a firm head to the pile. Whenever the head of 
the pile becomes broomed from repeated blows of 
the hammer, though this brooming may not extend 
to a greater depth than from one-half to one inch, 



The 3d foot of penetration required 5 blows. 

** 5th ** *' 

♦' 6th ** ** 

" 7th •* ** 

" 8th *• *' 

" 9th *' ** 

" nth 

.« 12th 
*' 13th 

Head adzed oflF. 

The 15th foot of penetration required 275 blows. 
.. igfii .. «. .. 572 

*• 17th '* " ♦• 832 

44 Ig^^ 44 44 44 g25 44 

Head sawed off. 

The 19th foot of penetration required 213 blows. 

" 20th ** *' *' 275 ♦♦ 

44 2l8t '* •* •• 371 

44 22d '• •* •' 378 " 
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257 






684 





Total number of blows 5,228 



•Bepublished from Transactions Am. Soc. C. E., 
Vol. Xn., p. 441, 1883. 

(117) 



r 






118 

:he useful effect of the blow is partly lost through 
extreme elasticity at the pile head. The followiug 
data as to the driving of a green Norway pine pile 
at Sabula illustrates how far this obtains. The pile 
was brought to its position between the leaders 
and dropped through 10 ft. of water and penetrated 
the silt of the river bottom to a depth of 2 ft., aud 
then the hammer commenced its work: 

A pile of about the same size as the one men- 
tioned above, driven near the same localitj' and to 
tlie same depth, but with no adzing or sawing oflE 
the head during driving, required 9,923 blows. 
The ram weighed 2,800 lbs. and dropped 36 ins., 
05 times per minute. 

At Sabula, about 2% of the 700 piles driven by 
this appliance ruptured slightly just below the 
ring support at the head of pile, and the frict'on 
produced by the wood fibers working on each other 
under the repeated blows of the ram was suffi- 
cient to ignite and bum the heart of the head of 
the pile quite across, as will be seen by an ex- 
aminavion of the specimen now exhibited. 

I add one other remark. Tliis machine is being 
manufactured and is called by the manufacturer 
after an individual who has added several perhaps 
very important minor details thi^t have made it a 
little more practicable than it was thirty years 
ago. But wherever the members of the American 
Society of Civil Engineers witness the operations 
of this machine. I desire that they shall not drop 
the name of the Scotchman who was its inventor— 
James Nasmyth. 



SOME FACTS OF EXPERIEXCE IN PltlS- 

DRIVING. 

(From Engineering News of Dec. 8, 1892.) 

By Mr. W. B. W. Howe. 

Several years ago, being called upon to design 
and construct certain railroad terminals, . a large 
portion of which was to be located upon a soft 
marsh averaging probably 70 ft. in depth, it be- 
came necessary to determine with a reasonable 
degree of accuracy the supporting capacity of piles 
driven into, but not through the stratum. This 
was particularly necessary as much of the work 
was to be of a temporary character where it was 
inadvisable to incur the expense of securing piles 
long enough to penetrate to the solid bottom. 
The following test was made: 
A pile driver was selected and the guides grad- 
uated so that the fall of the ram could be readily 
noted for each blow, as well as the penetration of 
the pile and its depth in the ground. A pile of 
known length, 12 ins. square, (weight 1,500 lbs.), 
was secured. The ram weighed 1,950 lbs. and was 
tripped automatically at the zero point on the 
guides. The result of the first pile test is tabu- 
lated below: 
No. blow. 0. 0.. 1. 2. 3. 4. 5. 6. 7, 

Fall, ft 0. 0. 10.5 13. 15. 16.5 19. 20.5 22.5 

Set, ft 5.0 6.5 2.5 2.0 1.5 2.5 1.5 2.0 1.5 

Depth in ft... 5.0 11.5 14.0 16.0 17.5 20.0 21.5 23.5 25.U 
Contact surface 

sq. ft 20 46 46 56 64 70 80 86 94 

Coefficient of re- 
sistance lbs. 

per sq. ft 445 453 457 460 463 465 472 

(The last line is obtained by dividing the total ener- 
gy of the blow in foot-pounds (fall in ft. x wt. hammer 
In lbs.) by the area or surface of the pile in contaet 
with the earth. We have checked through the com- 
putations, and find them correct, but the large and 
round figures for the set have a somewhat suspicious 
look.— Ed.) 
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Tt is corions to note how uniform the coefficients 
in the Isst line aboTe are, and it may be a fair 
oonjectnre, whether the gradual increase from 445 
lbs. per sq. ft. nnder a fall of 10.5 ft. to 472 lbs. per 
sq. ft. nnder a fall of 22.5 ft. may not be due 
rather to the loss of energy as the fall increases 
than to nn actual increase in the coeffi- 
cient itself. These seem to me too great 
to be attribntei to the friction of the mud 
upon the sides of the pile, when the short interral 
between the successive blows of the ram is taken 
into consideration. It is of course impossible to 
determine, without experiments specially directed 
to that end, how much may be due to the resis- 
tance at the point of the pile. The data therefore 
hare no special bearing upon the present discus- 
sion and are only given for what interest they may 
possess. Similar records were made of over 100 
piles, and more or less complete observations upon 
more than 1,000 piles driven in the same locality 
serve to confirm the general character of the spe- 
cial tests made. 

In order to ascertain what increase in stability 
the piles would probably acquire over that indi- 
cated by the excessive settlement at each blow 
of the ram, several tests were made by carefully 
noting the penetration at the last blow, and sus- 
pending operations for twenty-four hours, at the 
expiration of which, driving was resumed. In al- 
most every instance the penetration at the first 
blow was but one-fifth of what it had been under 
the last blow on the previous day, gradually in- 
creasing after two or three blows, until the full 
penetration was reached, showing very clearly that 
a longer interval, than that between the successive 
blows of the ram, was required to enable the mud 
to attain its full grip upon the pile. 

^^ae case possesses sufficient interest to be re- 
corded. The pile in questioa was driven in a tern- 
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porary trestle, penetrating 40 ft. into the mud and 
settling 26 ins. under the last blow of the ram, 
falling about 20 ft. 

The ultimate (not safe) sustaining capacity of 
this pile as determined by the several formulas 
given by Mr. Crowell would be as follows: 

Sanders 18 460 lbs. 

Engineering News 18 080 ** 

Crowell (a) 18.210 " 

Trautwine 10,037 ** 

And yet the location of this pile was such as to 
load it many times each dey with about 18,000 lbs., 
and after the expiration of two jears no settle- 
ment could be detected. It is evident that in this 
particular case the formulas all give too small 
ultimate loads, because, the conditions upon which 
they are based are not those which control the 
actual supporting capacity of the pile. 

Contrast the foregoing example with another 
case. A similar work was undertaken in a dif- 
ferent locality, but the character of the strata 
through which the piles were driven differed in 
every respect. The marsh was underlaid at vary- 
ing depths by a hard "bed of sand. The overlying 
mud being so soft that one or two blows of the 
ram would drive the pile down to the sand, in some 
instances more than 30 ft. Tests indicated that 
after the expiration of 24 hours of rest, the condi- 
tions remained unchanged. The first blow of the 
ram caused the same penetration as did the last 
blow on the previous day. It was evident, there- 
fore, that the supporting capacity of the piles must 
be derived from the sand stratum underlying the 
mud, and into this they were driven, settling at the 
last blow of a 2,240-lb. ram falling 25 ft., from 1% 
to 3 ins. The underlying stratum of sand varied 
in depth, and in several instances single sections 
of piles were not of sufficient length. It was, there- 
fore, necessary to drive one or more additional sec- 
tions upon the first, the connection being made 
with ordinary dowel pui9, E^timatin^ the bearing 
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capacities of these piles by formula, the following 
comparison (taking s=2 ins.) may be had: 

Gross. Safe. 

Sanders aS6.(K)0 42 00(» 

Engineering News 224,0 H> -{7,833 

CYowell (a) 2t»2.180 48.607 

Trautwine 109,013 54,500 to 9.085 

The conditions of loading to which these piles 
were subjected, were in every way similar to those 
mentioned in the previous case; and yet, all of the 
single piles settled appreciably, while those com- 
posed of two or more sections, end to end, yielded 
but slightly or not at all. 

I do not know of two instances that more forci- 
bly illustrate the effect of the material penetrated. 
In the first instance, the ultimate sustaining capac- 
ity of the pile, by formula, is but 18,080 lbs. while 
in actual and almost hourly service this load was 
reached without causing further settlement for two 
years at least. While in the second instance, al- 
though the indicated ultimate resistance by for- 
ula is over 200,000 lbs., and the safe load, by the 
most conservative (Engineering News) formula, 
37,333 lbs., the piles have failed at less than one- 
half that amount. It is worthy of special note, 
and I shill refer to the fact later, that in the 
second example the single section piles showed 
appreciable settlement while those composed of one 
or more sections did not. 

In contrasting the two cases the reasons for the 
differences are not far to seek. In the first case 
the marsh mud was of a peculiarly tenacious char- 
acter, tough and sluggish in its movements. Hav- 
ing being di-jplaced by the pile in driving it required 
a considerable time to restore itself to grip the 
stick, but once having done so, it possesses suffi- 
cient elasticity to admit of considerable lateral 
displacement without breaking away. But in the 
second cas« the point of the pile was in sand, a 
material not composed of these properties, and al- 
though the piles were fairly well driven as regard^ 
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the settlement at the last blow, the continued 
vibration set up by passing trains being transmit- 
ted to the point, gradually worked them down. 
This vibration, although affecting in like manner 
those pile? composed of two or more sections, 
was dissipated in the upper sections and fail- 
ing: to reach the point, could not produce that 
disturbance of the sand necessary for settlement 
to take place. I believe this to be the explanation 
of the stability of these double section piles. 

The tendency of piles driven in sand to work 
themselves down if exposed to vibratory motion, 
is well knoVn, and seems to be entirely indepen- 
dent of the settlement at the laet blow of the ram. 
In my own experience, I have known very many 
to settle under a load of about 18,000 lbs., although 
driven to i/^-in. settlement with a 1,200-lb. ram 
falling 20 ft.; piiAdpally, I believe, because the 
limit of penetration, ^ in., would be reached before 
the pile' had been driven deep enough to prevent 
its rocking, so to speak, on its point. I can- 
not now call to mind a single instance of piles 
driven into the sand and exposed to vibrations thai 
have not settled more or less unless driven quite 
deep. It is my practice and has been for some 
years to require all piles to attain a certain mini- 
mum depth, regardless of how small the penetra- 
tion 'at the last blow may be, unless some firm and 
reliable stratum can be reached. 

In conclusion, if it can be established, as I think, 
that the individual peculiarities and properties of 
the soil penetrated must appear as a factor in 
any expression for the bearing capacity of a pile, 
and that factor cannot be measured by "s," I do 
not see how it is possible to use any formula with- 
out expending is much labor in determining the 
particular constants and coefficients necessary, as 
would be involved in making an actual test upon 
the ground by piles driven and loaded. Many 
other instances might be given which would seem 
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to indicate a like conclusion, but I have already 
occupied more of your space than I had intended. 
(Comments by Editor of Engineering News.) 
What would our correspondent propose to do, 
simply guess at the bearing power of piles? This 
seems to be the legitimate inference from the 
opinions he expresses, but the facts which he ad- 
vances in support of those opinions seem to us* 
quite consistent with the opposite view; viz., that 
a proper formula properly used will at least let a 
man know when he is or is not within the limits 
of safe practice. Taking up his examples seriatim 
the first one is not accompanied by any evidence 
of bearing power. By the Engineering News form- 
ula their safe bearing power would be 

lJL^?^^^:i= 4.650 lb.. 

if measured by tne penetration without in- 
termission after blows. If in this case, as 
in the one next given, the penetration after 
24 hours was only one-fifth as great, the 
safe lo.id would be increased to about 19,050 
lbs., the ultimate being in each case six times aa 
much. 

In the next case, the safe load was found to be 
18,000 lbs., whereas the several formulas (exclud- 
ing that of Trautwine, which was erratic) shewed 
an ultimate of only 18,080, the safe load by for- 
mula being only 3,013 lbs. But if, as stated, the 
penetration was only one-fifth as great after 24 
hours' rest, the safe load by formula becomes* 
about 15,000 lbs., and the ultimate 90,0()0. Does 
not the actual 18,000 lbs. check pretty well with 
this? 

The third case presents the very extraordinary 
result that in piling across a deep and soft marsn 
those piles which were spliced out to 60 to 90 ft. 
afterwards stood a load approaching nearly to the 
formula safe load, while those piles which were 
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ALLEGED to have touched hard bottom without 
splicing did not stand half the formula safe loa<i! 
Has it occurred to our correspondent that perhaps 
his contractor or foreman was trifling with his 
confidence, and represented the actual etatus of 
those unspliced piles differently from what it was? 
It is against nature that the sand bottom to a 
deep marsh should be so very irregular as the 
statement of alleged facts implies; and no formula 
can possibly be made general enough to cover and 
provide for the 'possum element in the soul of a 
contractor. Nothing but eagle eyes can do that, 
and they not always. 

Finally, our correspondent says that he has 
known short piles driven to % in. set by a 1,200-lb. 
hammer falling 20 ft. to settle under 18.000 lbs. 
The safe load for such a pile by the Engineering 
News formula would be 

12:95^ 20j^ = 32.000 lbs. 
0.5 + 1 

and while agreeing with our correspondent that no 
pile which has not penetrated a reasonable dis- 
tance into the earth can be regarded as safely 
driven, we "dou*t the fact," like the Scotchman, 
that any pile ever rationally driven into sand not 
underlaid by mud, and under the other conditions 
stated, has ever failed under a fairly imposed load 
of 18,000 lbs. Were there not some unstated modi- 
fying circumstances or elements of doubt in this 
case? 



PILE-DRIVING MACHINE. 

The mncbme illuatrateJ is one of the "Jsvy Ui 

ill mnil^'l atii] thi^ heaviest iu Now Yorii hurlwi'. 

The hull i3 50 ft. 6 ins. long and 23 ft. i 



.LongltudlnolSectionSliowjnglntfi'iiiilBnidng, 

wiile. over nil: eacb of the sides of the hull is made 

of four pii'irs of yellow pine, the two loir-ir each 

SxU ins., the third Txl4 ins., the top pieoe 

(120) 
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0x14 ins., all securely tied by th«iiigh bolts; the 
bow pliinking is oak, 5 ins. thick; thu bottom and 
piid plank yellow pine, 3 ina. thick. The how is 
further strengthened by a 16xlG in. iTOSs-timbiT 
at top, and at tlie stern is an S X 12 in, cross-tiiuber 
of yellow pine. Oak is rsed on the bow as being 






better aJapted to stand the ennatant wear of Che 
piles hauled against it: and to iirevent knots or 
inenualitiea on the piles inti;i'fering with their po- 
HitioQ und-3r the hammer, the bow planking uTer- 
hnngs G ins. in its total height. 

The chief end in the dexign ol a hull for n float- 
ins pile driver is to obtain lonj^tudiual stiffness, 
BO that tho strain between the bow and engine maf 



be properij distributed. To this end our hull is 
strm^thened lengthwise by four wooden bnlkheads 
or keelsons, em<^ G ins. thick (Fig. 2) and braced 
later&lly by the four sets of X braces of 6 x G tim- 
ber. The hull is further braced in the center by 
two 3 X 12 in. yellow pine braces and tie rods or 
**hog chiins** of iron 1% in. in diameter. Wale- 
pieces and fender plank 3 ins. thick inrotect the 
outside of the hull against chafing; the deck has & 
"crown" of about 6 ins. in its total width. 

The hammer-guides are made of two pieces of 
12 X 12 yellow pine, 67 ft, long from out to out, with 
inside of guides 5 x 4 in. stuff protected by iilate iron 
^ in. thick; % in. bolts with countersunk heads 
fasten the inner guides to the main sticks and at 
the same time secure the ironwork to the same. 
The bottom of the main guides are connected with 
the 12x12 bedpieces, shown in Fig. 3, by two 
timber-knees, and are tied at top by the cap shown 
in Fig. 6. 

The dimensions and genotd arrangement of the 
back-bracing is fully shown in Figs. 1 and 3; the 
bolts used in this portion of the framework are 
% in. diameter. The side braces are round tim- 
bers 16 ins. diameter at the butt, and they are 
anchored to the hull by two heavy timber-knees 
to each. The bedpieces, as shown in Fig. 3, are 
fastened down to the hull by four bolts each 1 in. 
in diameter, the forward bolts passing through the 
16 X 16 in. oak piece on bow, and the after bolts 
passing into a cross timber 6 x 14 ins., as shown 
at Fig. 4. The foot of the back-bracing is se- 
cured to the bed-timbers by one 1 in. strap-bolt 
in each timber, the strap portion of bolt being 
2 X % in. in section. A % in. through bolt ties the 
three braces together. 

The iron stayrods running from head of guides 
to after part of hull are two in number, aiid we 
e«^<?h 1 in, in diameter* 
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The hoisting sheaves on top are two in nnmher, 
placed side by side. They are 12 ins. in working 
diameter, 15^ ins. from out to out, and 3^ ins. 
wide; and the pin passing through them is 2^ ins. 
diameter at the sheaves, and 2 ins. diameter in the 
boxes. Experiences teaches that these proportions 
are none too great to stand the severe work fre- 
quently put upon it in hoisting heavy weights and 
tearing out timber. The fall-rope attached to the 
hammer is 2 ins. in diameter, and the "runner" 
used in hoisting up piles is 1% ins. diameter. 

The hoisting engine is a double-drummed Mundy 
engine of a nominal 25 HP. 

Fig. 5 shows the hammer used with this machine. 
The drawing is sufficient to show its general de- 
sign. The weight is 3,300 lbs. 

Fig. 7 shows the method of attaching the two 
5x12 in. horizontal braces to the round side 
braces, as further shown in Fig. 2. 

(Many other illustrations of pile-driving ma- 
chines will be found scattered through the volumen 
of Engineering News.) 
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SEiRiNa f^it/fis. 



FORBfULAS FOR THJSIR SUSTAINING POWER, 
SIZB AND DISPOSITION IN ANY 
FOUNDATION. 



Compiled by Jludolph Hering, M. Am. Soc. C. B. 

There has been much uncertainty in the minds 
of many iwaetical engineers regarding the proper 
formula for pile driving. Some text books and 
note books give only one agreeing with the views 
of the respective author; others give two or three 
without an impartial comparison. At best, thp 
usual information is unsatisfactory, and it has been 
customary often to use an rnreasonably high fac- 
tor of safety, at the expense of economy, to guard 
against the uncertainties. In order to arrive at 
some intelligent judgment, the following has been 
gradually compiled. The original works and papers 
of the various authors on the subject were 
examined, and thedr formulas, experience and 
opinions extracted and compared. A portion of 
the matter is very simple, but as the simplest 
things sometimes do not appjar evident when 
quickly wanted, it was thought well to add what 
was necessary to round off the subject for practical 
use. 

There are two distinct classes of bearing pilos. 
The first class consists of those which are driven 
to a perfectly solid foundation, and act as pillars 
or columns of support and which are therefore 
designated by the name Columns. The other class 
consists of such as derive their supporting power 
from the friction of the material through which 
they pass. These alone are properly called Piles. 
As they require different theoretical consider*- 

(130) 
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tions, they will be treated of sepArately, aftei' 

some general notes applicable to both have been 

given. . 

Letters Denote : 

Q (lbs) = Extreme load which a driven pile will 
bear, without sinking deeper into the ground, 
the last blow of the ram has «unk the pile ' s 
feet. 

F (fraction) == Factor of safety used when load- 
ing a pile. 

Li (lbs.) = F X Q = Safe load which a pile can 
bear. 

■- (lbs.) = Safe load which a pile can bear i>er sq. 

a 

ft. of sectional area. 
Li (lbs.) = Safe load on a test pile. 
\V (lbs.) =weight per sq. ft. upon foundation. 
w (lbs.)=weight of the ram or hammer. 

E(lbs.)=weight of pile. 
(ft.)=height of fall of the ram. 

1 (ft.)=length of the pile. 

s (ft.)=^istance which the pile sinks under the 
last blow. 

p^ (ft.) = distance which the test pile sinks under 
the last blow. 

d (ft.) = distance from center to center of pile, 
if equal in both directions. 

b (ft.)=distance from center to center of pile, if 
measured in a longitudinal direction. 

c (ft.)=distance from center to center of pile, if 
measured in a lateral direction at right angles 
to b. 

a (sq. ft.) = sectional area of the pile. In col- 
umns, a is the smallest sect, area; m piles sus- 
tained by friction, a equals the mean sect. area. 

E (lbs. per sq. ft.) = Modulus of elasticity of the 
material of the pile. (This modulus is usually 
given in lbs. per sq. in.; it must, therefore, be 
uiultiplied by 144 when introduced in any of the 
following formulas) E = 1,600,000 x 144. will be 
sufticiently close for ordinary timber. 

C (lbs. per sq. ft.) == Coefficient of elasticity, indi- 
cating how many lbs. per sq. ft. sect, area of the 
pile, will compress it to the limit of the elasticity 
of the material. (As this is also -usually given i>er 
sq. in., it must be multiplied by 144 before being 
substituted in any of the following formulas.) 
O = 3,000 X 144 will be sufficiently accurate for or- 
dinary timber. 



132 
L-OENBRAL NOTES. 

1. Weight of Ram and Height of Fall— Nearly 
all authorities say that a heavy ram with a short 
fall is much to be preferred to a light one with a 
long fall. Any increase of fall beyond 40 ft, even 
in -the best machines, gave no increase of penetra- 
tion in the sandy soil at the Brooklyn Navy Yard. 
Some authorities think, the weight of the ram 
should be in proportion to the sectional area, others 
to the total weight of the pile. Becker concludes 
from a theoretical examination that the most econ- 
omical weight of a ram is equal to the weight of 
the pile. Ordinary, piles from 10 to 14 iris, in 
diameter are driven with rams weighing 1,200 to 
2,000 lbs* . 

2. Succession of Blows. — ^It has been observed 
that q'.iiek blows with a heavy ram give a greater 
penetration at less expenditure of power than slow 
blows, with a light ram. In sand or silt, blows 
should follow rapidly in order to prevent the 
ground from settling around the pile before the 
next blow of the ram. 

3. Weight of Punch.— Becker gives the most 
economical weight of a "punch" or "follower" as 

V (w + r)lbs. 

4. Margin of Safety. — On account of the many 
uncertainties in connection with piles, a wide mar- 
gin of safety is recommended by all authorities, 
at least for important cases. It is sometimes im- 
possible to tell how much of the sustaining is due 
to a "solid bottom," and how much to friction 
alone. There is often no guarantee that a pile will 
not steadily sink under a heavy quiescent pressure 
applied continuously and unremittingly, when it 
withstood perfectly a corresponding sudden blow 
of "the ram. This may be feared especially in 
clays. The vibrations of the structure may in 
time produce unexpected settlements; this may 
also occur when certain clayey soils become very 
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wet adjoining the piles, and the friction is thereby 
lessened. On the other hand there are circum- 
stances which tend to increase the strength after 
a lapse of time. The soil between the piles same- 
times, especially if sandy, becomes more compact 
and increases the friction, and often the soil itself 
will carry a considerable portion of the weight. 

5. Size.— It is the general opinion that piles 
should never be less than G ins. in diameter and 
rarely over 18 ins., and that the diameter should 
not be less than 5% of the length, unless the soil 
is very stiff. 

G. Disposition.— Many writers give the nearest 
distance which piles should be apart, as 2^/^ ft. 
from center to center, because large piles especially 
when driven closely, will force each other u;). 
Should this ever be feared, then the piles ou^ht 
to be driven with the butt end down, commencing 
at the center of the area and workin,'? toward thL- 
sides. The ordinary distance is 3 ft. apart; for 
light work, it is from 4 to 5 ft. 

7. Material. — Elm, spruce and oak aro consid- 
ered the best materials for piles. 

II.— COLUMNS. SUSTAINING TOWER. 



Values for tbe safe load per square foot sectional area 

column, = ° 

* - h 

Authority. Values as given. Values of ^ 
Rii kineand Ma- 

han l.OOMba. persq. in 144,000 

Peronnet 786 to 990 lbs. per sq. in. 113.185 to 142,560 

titOLey j'o crusbioff weight of dry 

timber viz * 

Flm, 1,000 lbs. per sq. in. 144,000 

Ash. 860 •• " " 123 840 

Beech, voo " " •' 115.200 

Spruce, 650 '* " " 93,600 

.Cedar, 610 ' 87,810 

Oak, 600 " •• " 86,400 

Yel . Pine, 533 Ib^ pr sq.in. 77,472 
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As these values sometimes ascribe a much 
greater bearing capacity to the piles, than when 
bear, without sinking deeper into the ground, after 
friction alone is the supporting power, great care 
must be taken in applying them, remembering that 
they are only reliable when the piles act as col- 
umns and rest on a firm foundation. Careful judg- 
ment must be exercised as to whether this is en- 
tirely or only partially true, in which latter case 
a proper allowance must be made. 

It should also be remembered that the columns 
rest on a pointed end only, which is an important 
consideration in **long columns." As the above 
values are safe crushing resistance of wood with- 
out regard to length of columns, they can only be 
valid, when the ground is sufficiently compact to 
prevent lateral bending of the piles; otherwise the 
reduction necessary for long columns will have to 
be made. 

Formulas for maximum blows.— If the column 
has been driven to a perfectly solid foundation, th^ 
following formulas may be useful in ascertaining 
what weight of ram will be necessary for a given 
fall, or what fall for a given weight, to compress 
the material of the pile to its limit of elasticity, 
beyond which it should never be strained by the 
blow of the ram." 

al C« . al C« 



W— okX ii«« h— o%«X 



2h ^ K • "- 2w ^ K 

For most kinds of timber it will suffice to say: 

al al 

w = 405-Y-. h = 405— . 

Formulas for Size and Disposition.— It is evident 
that each column of the sectional area a will have 
to sustain b x c x W lbs., or d« x W lbs., therefore, 

ax (-—) =boW = daw:. 
The following table gives the value of each factor. 
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Table for Sise and Disposition of Colamn^.— Sup- 
posing columns to have any form of section but the 
Aanie sectional area <a) and the same sustaining 
power : 

Qiven suBtsiniofr power ^ , h 
of colamn per sq. foot. > < ,r")* values aocordlng to vo- 

j ^ rious authorliies sb 
abortf. 

Requlnd sustain iofr DO wer\ JLi_ bcW =d»W. 
of c Jiumn per sq. foot. / ^ a ' ~ a — "a 

bcW d« W 



SeclioDkl areaof coluDin a= L = L 

< a- ) .(T»- 

V eicrbt on a sqnare foot of foun- L L 

oatioD W = a (^) = a("^). 



Di-fanre from center to center M a ( ^ ) 
col .mns measured loogitudinallj, b s= ^ a 



be da 

L 



c W 

DiHt'tnoe from center to center of - / L v 

c^lnmns measured laterally at a^.— -> 

rJKbt angles to b, c = 



b W 



Distance from center to center of /" E 

columns if equal in both direo- A/ a ("T") 
Lions. b = c = d='' * 



W 



Example 1.— How close must spruce piles, 1 ft. square, 
be driven when resting firmly on solid rook, and there- 
fore acting as columns, if they are to sustain with safety 
a weight of four tons per sq. foot 9 

L 
Given: a = 1; (~) = 93.000; W = 8,060. 

w 

Example 2.— What will be the proper sectional area of 
oak pile^ acting as columns in a rather soft ground, 
driven 3 ft. apart in one direction and 2 ft. 9 ins. apart at 
right angles to it; they are 30 ft. long, and the weight 
npon the foundation is to be 5,000 lbs. per sq. ft. I 

Given: b = 3; c = 2.75; W = 5,000; (-^ ) = 86.400. 

bcW 

Sought: a = . 1^ _ oaMti '^ = 0.477 sq. ft. 

( a w>,4w 

corresponding to 9^ ins. diam.. which is about ^ of its 
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length. A proper dedvcdon fbr *1ong oolomDs*' miwt there 

fore be made. In this case < ^ > wonld be abont 25,003. 

a 
which substitnted glres: 

8 X 2.75 X 5,000 _,«-«, ft. 

*= 25:000 l.«B<l-'t- 

eqolTaleDt to 17H tea. in dlam., or abont ^ of the leo^th. 
which is sufficient. 

in.— PILES. 
Sustaining Power. 

Unreliable Formulas. All formulas developed 

from purely theoretical speculations regarding the 
resistance of the f Fictional surface of the pale in the 
ground vary greatly among themselves; they are 
also undesirable for other reasons, and have there- 
fore been omitted here. All formulas containing co- 
efficients for different qualities of ground are not 
given for the same reasons. 

Reliable Formulas.— The only method which can 
be depended on in calculating the sustaining power 
of piles heW by friction is the experimental one 
which introduces the actual distance (s) which a 
pile sinks under the last blow. The formulas de- 
veloped in accordance with it and which are tabu- 
lated belowi also differ very much as usually given, 
but when properly analyzed, classified and com- 
pared, they will enable the engineer to make an 
intelligent selection and obtain a perfectly satis- 
factory result. Tables I. and II. will facilitate 
such a rational compaHson. 

Contents of Table.— The first column contains 
the authorities, which are all of the best, mostly 
original, and all equally deserving of confidence. 

The second column gives the value for s and 
answers the question: How far must a pile sink 
under the last blow in order to sustain a certain 
safe load? 

The third column gives- the safe load L which 
the whole pile will bear when it has sunk the dis- 
tance s under the last blow. 
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The fourth column contains the factor of safety 
proposed by each authority. As it indicates solely 
a i)ersonal judgment, and has nothing to do with 
tho formula itself, but mainly as it has caused 
large differences between some formulas, it has 
here been taken out and given separately. (Traut- 
wine thinks "^ to 1-12 sufficient and Weisbach pro- 
poses 1-10 to 1-100!) It is true that several for- 
mulas could be made to agree better by introducing 
the factor respectively proposed by their authors. 
But for a rational comparison it was thought bet- 
ter to separate what is purely personal opini:n 
from what is a derived formula. 

The las? column gives numerical values of ex- 
treme loads between the ordinary limits, (not con- 
sidering the factor of safety). They will show 
the tendencies of the formulas and enable us to 
judge somewhat of their relative merits. 

McAlpine's formula is evidently only reliabl* 
under the same conditions fromi which it was de- 
duced, because in some cases it gives dangerous, in 
others impossible results. 

Brix & Becker's second formula (neglecting the 
elasticity of the pile) seems unreasonably safe; as 
does . also Nystrom's formula, when applied to 
light rams. 

Trautwine's first formula cannot strictly be com- 
pared with the rest because s is neglected. Both 
give safer values for heavy rams and high falls 
than for light rams and low falls when compare 1 
with others. 

The values of Rondelet, Rankine & ^lahan give 
the sustaining power per square foot and not per 
pile as all other authorities. They are applicable 
when the piles will not move perceptibly under 
the last blow and can only be compared with the 
rest in a general way. 

A comparison of factors of safety proposed by 
different authors shows a great variety of opinion. 
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The importance of this yaluc of P in the formulas 
may be seen from the fact that all except one 
c<mld be made to give the same result, merely by 
selecting factors of safety between '^ and l-lO. 
Therefore a judicious choice of value for F and an 
independent discrimination between the formulas 
themselves, seems necessary in order to obtain an 
intelligent result. 

On the other hand, it appears by comparison that 
% to 1-5 would be a proper value of F for teui- 
l>orary or light work and 1-6 to 1-10 for perma- 
nent work, especially when subjected to vibra- 
tions. For very important work or in uncertain and 
unreliable ground, the safety should be increased 
still more, and left to the judgment of the engineer 
in each si)ecial case. 

On the other hand, the formulas of Weisbach 
seem to offer the most practical solutions under the 
conditions to which thoy apply. When considering 
the compressibility of piles he obtains a little higher 
value than the general average, but still beneath 
that of Rankine. When the compressibility is neg- 
lected, he gives three cases: 

(a) Wlien w and p are comparatively large and 
L small, which rarely occurs. 

(b) When w and p are small and L large, which 
is generally the case. This formula is the same 
that Mason developed and tested by a series of 
experiments. 

(c) WTien p is neglected. This gives the sustain- 
ing power ratber high values, but is commendable 
on account of its extreme simplicity, especially 
with a someT.hat higher factor of safety. It is the 
same that Sanders developed and tested by an 
extensive series of experiments. 

After a careful comparison the 'following for- 
mulas therefore seem to deserve the preference, as 
being reliable, safe and economical for general 
application. 
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GONSIDBRINQ C0MPBESSIBIUT7 OP PiLB. 

Weisbach: 

^ _ P, —a. A /7FwA7^^~"lwhr , r wh 

8=F 2L±\/( TT-\ -5r^;L= 




V 2aae ^ 



2a8£ 

Neglecting Ck>MPRBssiBiLiTY of Pile. 
Weisbach and Mason:— 



L(w+p)' 8(w-hp) 

Simpler, though not quite as safe, is 
Weisbach and Sanders: 

Factor of Safety for All the Above. 

F = 1-3 to 1-5 for temporary or light work. 

F = 1-6 to 110 for heav5' work, especially when piles are 
held by clay and when they are subjected to vibrations 

F should be even smaller than 1-10 for very important 
cAses or unreliable ground, and should be determined 
with reference to the circumstances of each case. 

The exact value of F between the given limits 
must be determined by judgment in every special 
case. It will depend on the nature of the soil, the 
requirements of the structure* and on the general 
character of the whole work. 

The value of L must never exceed the safe 
crushing resistance of the material of the pile, or 
L z F X a X 144 X crusblngbtrcngth of material in 

lbs. per sq. in. 

SIZE AND DISPOSITION. 

Ratio of Sustaining Power to Frictional Surface. 
— McAlpine has stated, as one of the laws found 
by his experiments at Brooklyn, that, when piles 
of the same size are driven by the same hammer 
and from the same height of fall to different 
depths, their sustaining power is in the ratio of 
the squares of their fractional surfaces of penetra- 
tion, or 
L: Li = purfacecf fricticii^: Furfcce of friction j 
It does not appear whether any experiments 
were made with piles of the same length but dif- 
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ferent perimeters. However, as it is reasonable to 
expect the same results wliether the frictional sur- 
fnc'es are increased by lengthening the pile or by 
giving it a greater diameter, we may assume, at 
least in all cases applying to ordinary pile driving: 

L : Lj = 1» X perimeter 2 : P x perimeteri^, 
or L : Lj = perimeter' : psrimeter^*, 

supposing the length of the pile to be equal. 

Sustaining Capacity of Sections. — In the case of 
circular or square piles this would be equivalent to 

that is, the sustaining power is in direct proportion 
to the sectional area of round or square piles. In 
the case of rectangular piles, it follows (the ratio 
of the squares of the perimeters being grealer 
than that of the areas) that they are more eco- 
nomical than round and square piles, provided all 
other things are equal. 

The following table was arranged for values de- 
duced from the formula: 

While this determins the size of the pile, the dis- 
position is easily found by the following formula, 
which is evident from the consideration that one 
pile should sustain b x c X W, or 

L = b c VV = d« VV. 
The following table, although simple, may yet be 
found convenient for quick reference: 

Table for Size and Disposition of Piles. 

Supposing piles to be round or square, of equal 
sectional area (a) and of the same length.* 
o ie EusraiiiiDp; o| 

» ower ot desired _ — - = bcW = d, W 

pile L a, « 



* It is tacir.y assumed that the ground, is homogeDeoaa, 
Gen<>rally this is not ihe case, but uny dUTirence cm ba 
hcjudten by thedcpih 10 which the piJ« is driven and 
therefore needs no factor in the table. It is only necesaarF 
to drive the pile uniil ihe value of s correspondinstothe 
sustaining power L is reached. » w v w 
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Safe sustaiDinic 

power of test a^j, :« bcW-' zrd'W*^^ 
Piw l»i= — ^ a a 

Sectiooal area of ^l = *^' _ ^ ^^i 
testpile ai=— £1^ bcW ~ d»W 

Weight per sq. 
f'.upon foun- rXji = -=^ _ Jf_ _ aTi| 

dation W= ^ ^ be ~ d* ~ a,d« 

Distance from 

center to cet- 

ter of piles 

measured Ion- ^Li Tj 

ffltadinally. . b = -r-rrz? = "vir 
Distance from »>cW^ ®*^ 

center to cen- 
ter of piles 

measured lat- _ aLi _ Ju_ 

terally «- "^^^^ "" bW 

Distance from center to centre 

ol piles if equal in bo h di- . / a L| ./ L 

rections .....d = \ -^^^ \ -^* 

The relations of L to 8 or L^ to s^ (which is the 
same) are givea elsewhere according to the various 
authorities. 

Bxarople 1.— Uow for apart should pUes be driven in a 
certain direction, when at rtKbtanifles to it they are 3 ft. 
from center to center; the lyeiflrbl to be sustained is 2,500 
Ibd. 'per sq. ft., the piles ar^ 1 ft. ^uare, and a test pile 
8 ills, m' diameter was driven until it sunk 1 m. under the 
Inst blow 7 

Given: c = 3; W = 2.,500; a = 1; aj = 0.35; Si = 0.08. 
Sought: 1. L, =P^ =^X ^^^^ =10.030 accord- 
ing to Sanders' formula. 

aLi _ 1X10,0.0 
^- ° - a,o W - a35 X 3 X 2,500 - ^'^ "• 

2. If m the foregoing no test pile has been driven, but 
the permanent pile is to be driven until it will sustain a 
safe load of 30,000 lbs., then 

Given: o = 3; W = 2.500; a = 1; L = 30,000. 
. L 30.000 

'Sounht: b = -^ = 3x2.500 = * "• 

3. It is required to calculate the length of the piles for a 
certain foundation. They shall have a sectional area of 
I f-Q. ft. ; are to be 3 x 4 ft. apart, and to carry a load of 
3.0U0 lbs. per sq. ft. A test pile 6 in. in diameter is to be 
driven. As the lengths are considered equal in the above 



» * . « r r ^ 



1 ,t. 






y-it- 



-i !- 



^ f 



1 



AN ECOXOMICALr SHEET PILE DRIVER. 

By Juliau A. Hall, M. Am. Soc. C. E. 

(From Engineering News, March 16, 1893.) 

Tlie accompanying sketch of an economical 
sheet pile driver is so simple that it explains itself 
at a glance. The machine was designed especially 
for coffer-da m work, but it can, of course, be used 
to put in sheet piling wherever such work is 
necessary. The method of operation is very sim- 
ple. After the piles have been driven as deep as 
possible with a maul, the machine is used to drive 
them as deep as may be necessary. It is partic- 
larly adapted for use in rocky and sandy river bot- 
toms, as it will quickly and cheaply jam the piles 
upon and between small boulders, and thus close 
openings that might otherwise cause a great deal 
of, expense, trouble and delay. 

The hammer is made of a section of an oak or 
other hardwood tree, squared or flattened, anid of 
such size as may be necessary. Stout pieces of 
wood are bolted to the sides of the hammer, to 
hold it in the ways. Sufficient play should exist 
between the hammer and the ways to keep the 
hammer from jamming, and a like allowance should 
be made, for the same reason, between the ways 
and the pieces that hold the hammer between 
them. The machine should be built of sawed 
lumber, and inferior stuff will answer for the 
purpose as well as the best heart. The verticals 
may be made of 4-in. x 2-in. pieces, but for the 
other pieces lumber of a much less size will do per- 
fectly well. The machine rests on 6-in. x 6-in. 
square stuff or anything handy about the work, 
and it is sufficiently light to be easily moved by two 
or three men with bars. To prevent toppling over 
in moving, it should be anchored bottom and top, 
fore and aft, with snub lines, which are payed 
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out or hauled in, as may be necessary. From A, Fig. 
1, the rope through the block passes oyer B, B, B, 
which are like rungs on a ladder, and on which men 
stand and pull the hammer up and let it fall. 
From three to six men are necessary, according to 
the size of the machine, and one of them keeps 
time in a sing-song tune, thus insuring unanimity of 
action. In a short time the men get the hang of 
the motion and lift the hammer with a small ex- 
penditure of force. Fig. 2 shows a piece of lum- 
ber, the size of a section of the piles to be driyen, 




riq.l. 

Sketch of Economical Sheet Pi'e Driver. 

with a handle fitted into it. This is used to cause 
perfect penetration of such piles as go deeper than 
those adjacent. This is usually held by the gang 
boss, who watches the penetration and gives the 
word when to stop drivinj:. 

The principal points of advnntajro in the use of 
this machine are the cheapness, pffpctlvoness and 
rapidity with which work can bo done. It can 
be put up quickly and at very little oxponso, and 
when no longer needed the mntorinl onn bo other- 
wise used or abandoned, only the bolts, etc., being 
iaved for the next job. 
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INDEX. 
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The ^ords **Pile." 'Pile-Driving/' etc., have been 
avoided in this, index, as it all relates to piles and 
pile-driving.) 

Actual resistance bearing piles 23, 94 

(See also Tests.) 

Aquia Creek, test records at 97, 100 

Atchison, Top. & S. F. R. K., pile-driving on 41 

Baker, I. O., pile-driving formula 39 

Bearing piles, by R. Hering 130 

Bearing power, effect of time on 12 

sundry records of. (See also Test.) 23, SB 

Black, W. M., on water Jet 89 

Blow, energy of, how expended 67 

standard in pile-driving 61 

work represented by 6tt 

(See Hammer, Fall.) 

Borings by water Jet 90 

Bouncing of hammer 11, 19, 21, 68 

Bouscaren, G., on pile formulas 86 

Bridge repairs, cost pile-driving for -. 48 

Brooklvn, N. Y., test records at 19, 99 

Brooming at foot of pile 67 

effect of :...ll, 45, 67 

Illustration of H:^ 

records of 117 

Buffalo, N. Y., test records at 23, 99 

Bumping posts, piles for 49 

Caloosahatchee River, driving piles on < . . . . 88 

Cambria reservoir, test records at 103 

Cast iron shoes, ill effects 112 

Columns, .piles as 13, 133 

Contract pile-driving, deceptions in 15 

Craighill, W. P., discussion by 88 

Crowell, Foster, paper by » . . 52 

(^rowell formula, discussion of 72 

Crushing strength of piles 13, 133 

Davis, F. P., discussion by .' 91 

Dead load, driving piles by 16, 88 

Dordrecht, Holland, test records at 19, 100 

Driving piles, test records 97 

Eastern Shore (Md.), **pulllng** down piles 8« 

East St. Iiouls, test records at 98 

Elastic compression 68 
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Electricity, pUe-driying by 143 

Engineering News formula 9 

discussed by examples 94 

first deduced 31 

theoretical basis of tf5 

under extreme conditions 45 

Factors of safety, and human nature 41 

fixed or variable l9, 20, 21 

rule for 10, 34 

rationale of 34 

B. Bering on 134 

J. C. Trautwine. Jr., on «1, 105 

Fall, effect of, by sundry formulas 27, 99^ 83, 85 

as affected by bouncing 11 

ordinary 8 

true value, how determined ..i 11 

Follower, best weight of 132 

Formulas for safe load bearing piles IS, 39 

all assume rational conditions 64 

comparative table of 140 

examples of safe load under 3? 

fundamental theory of W} 

further facts as to k . 199 

graphical comparison of 54, 59, 83, 

must have simple form 

"of exactly same form" 

relative ultimate loads »27, 1^ 

Prof. L O. Baker on k . 39 

Foster Crowell on »62, 62 

R. Hering on ^ 13b 

J. C. Trautwine, Jr., on 22, 94^ 105 

Fort Delaware, test records at 98 

Foundation piles, cost of 50 

Frequency of blows S 

effect of, on bearing power 19 

(See Time.) 

Guides, friction of 10, tjft 

Gunpowder pile drivers 9, 14fl 

safe load with IT 

Hammer attached to rope 0, 15. 93 

bouncings of 11, 19. 21, 68 

weight of a 9, 10, 28, 132 

Harris, R. T^., on over-driving 11^ 

Haupt, L. M., discussion by 88 

Head, effect of condition 11, 45, 67. 112, 117 

Hering, Rudolph, on Rearing Piles 130 

HertiK. A. C pile-driving records by 41 

Horse-power pile-drivers 47 

Howe, W. B. D.. facta of experience 119 

Hunt. C. W.. discussion by 90 

Ice drawing of pUes. test records lOi 

Inclined pile-driving, loss from lO 

fndlanapoUs. Dec. & Sp. R. R., cost pile-driving. 4« 

Inertia of pile, no loss from tt9 

Interval between blows 19 

(See Time.) 

Lake FontchArtraln, bearinif power pile9* t . * . i . .87, XOT 
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Last penetration, how determined 11 

(See Set.) 

Lentilhon, E., en shoes 112 

Lewes, Del., pier at 89, 90 

Load, computation of 14 

\jong piles 143 

Masonry, proper load of, on piles 44 

Material of pilos 133 

Mississippi River, cost pile-driving 51 

Mud of Hudson River, driving piles in 25 

long piles in 91 

penetrations in 87 

test records in 90, 97, 119 

Nasmyth hammer 9, 8H 

driving records 117 

Nicholson, G. B., discussion by 91 

Northern Pacific R. R., cost pile-driving 49 

Omaha & St. L. Ry., pile-driving plant 143 

Over-driving, effect of 114 

(See Set.) 

Palmetto for piles 89 

Pensacola, Fla., test records at 23, la? 

Perth Amboy, test records at 18, 20, 98 

J Philadelphia, test records at 97 
Mle-driving, cost of 47 

list of methods ^ 

Pile-driving machine 126 

O. & St. L. Ry 14:< 

for sheet piles 144 

Pile trestles, computing lond on 15 

See Trestles.) 

Pointing piles, not judicious 11.% 

Ponghkeepsle Bridge, extracting piles 143 

splicing piles 143 

Proctorsvllle, La., pile tests at 23, 98 

"Pulling*' down piles 9, 25, 88 

Pnnch test, weight of 132 

Quicksand, piles uplifting In 13 

Ram. (See Hammer.) 

Red River bridge, pile-driving for 49 

Royal Border bridge, piles under 44 

Sand, pile-driving in 91, 123 

Safe load on piles, code of rules 7 

effect of Kind of load 14 

formulas for 22 

how determined 24 

sundry records 8« 

with gunpowder pile-drivers 16 

with steam pile-drivers 16 

J. C. Trautwine. Jr.. on 18 

Scow used for "pulling'* down piles 2J! 

Screw piles 89, 9C 

Set, assumed regular 65 

effect of, sundry formulas 29, 59, 83 

effect of time on 12, 92 

JjOTT 4et^rin(n^. , , t , t f , f f 1 1 f r , f . r « f t • , f f • • t « XX 
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proper minimum yalue 12 

real vs. apparent 13 

uniformity essential 11 

Sheet pile driver 144 

Shoes, ill effects from 112 

Shore protection work, cost piles 51 

Sibley, Mo., foundation piles at 50 

Silt of Hudson River, "pulling" down piles 25 

Size of piles, test 133 

South St. bridge, Phila., piles under 44 

Spacing of piles 14, 133 

Specifications for pile-driving, errors in 64 

rules for , 8 

Splicing piles 87, 143 

Splitting of piles 115 

(See Set. Brooming.) 

Steam pile-drivers, formula for safe load IH 

Swamps, piles in 81 

(See Mud.) 

Teredo, precautions for 89 

Test piles, need for 11, Vi 

Test records 94, IIH 

Time between blows, effect of 12, 92 

Trautwlne, J. C, discussion by 18, 75, 1(X5 

factors of safety 105, 106 

list of test records by 94 

Trautwlne formula, effect of fall 78, 8> 

Trautwine's pocketbook, pile records from 95 

Tremors, effect of 35. 74, 105, 109. 12? 

Trestles, load for piles in 22, 25, 86 

Troy & Greenfield R. R.. over-driving on. 114 

Turn-table on long piles 91 

Uniform practice In pile-driving, Foster Crowell 

on 52 

TTplifting of piles 13 

Vibration, effect of, on piles In sand 123 

(See Tremors.) 

Water Jet for pile-driving .9, ») 

bearing power under 15 

history of early use 143 

practice with 90 

testing 16 

Wellington, A. M.. discussion. Crowell formula.. 64 
(See "Engineering News" formula.) 

Whitteraore. D. J., on brooming of piles 67, 117 

Wood for piles 133 
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